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Abstract. Compared to current ECG algorithms that assess the normality or abnormality of a patient’s ECG, 
the proposed method has the advantage of providing the identification of the region within the heart that 
may have caused any abnormality observed. The purpose of this research is to propose a Matlab software 
that analyses a patient’s ECG with a 3-dipole model of the human heart that determines the normality or 
abnormality and the region in which it may have ocurred. The software requires designing a three-
dimensional surface display in Matlab capable of displaying 3-dimensional potential maps of the heart 
within a torso model. Experiments made on a database of 47 normal, and 52 abnormal ECGs were found to 
yield an average accuracy of 88% in detecting normality or abnormality. In future work, the software will 
then be implemented to perform an analysis on a 128 electrode electrocardiographic system. 
Keywords: ECG, Algorithm, Dipole Model, Multiple Fix dipole, Surface Potential Maps, FE Heart model. 
 

1. Introduction 
In medical diagnosis there are analyses in which an invasive procedure is needed to reach a conclusive 

diagnosis of the patient’s health conditions [Montera MW, 2009]. Such procedures cause patient discomfort 
during and after the study has been performed. It is the goal of this research to provide a possible 
alternative to invasive procedures by extending the use of ECG signals to provide information that 
otherwise would have been available only by invasive means.  

On the other hand, the work proposed in this research aims to create a numerical analysis procedure 
that may provide approximate information on the localization of the origin of cardiac arrhythmias prior to 
an invasive procedure. The approach to be taken is by implementing the concept of multiple fix dipole 
model of the human heart in the precordial ECG signals. The use of multiple fixed dipoles provides insight 
of electrical activity inside the human torso. Using a-priori information, the multiple dipoles can be located 
in a region limited by the heart boundary. In this way, the solution obtained from the analysis is referred to 
that specific region of the heart at which the dipoles are located. In this research, a total of 3 fixed dipoles 
sources are to be used. These dipoles are located in the Bundle of Hiss, left ventricle, and right ventricle. 
The multiple fixed dipole model concept as well as the single fixed dipole model, takes into account inner 
body properties, such as conductivity of inner organs, blood, bones, etc; as described in [Malmivuo and 
Plonsey, 1995]. In addition, it provides an equivalent solution to the inverse problem of 
electrocardiography, by providing equivalent dipole solution to the measured potential from the ECG. Thus, 
the solutions obtained from this analysis are referred to an equivalent region inside the human heart. In 
order to determine whether a patient’s ECG is normal, it is necessary to establish normal range parameters 
for the multiple fix dipole model. Therefore, it is necessary to perform a statistical analysis of the multiple 
fix dipole model. The process is to be repeated with a population of 47 healthy patients that have normal 
ECG traces. The result of this analysis will establish the mean and standard deviation of the expected 
parameters. Therefore, ECGs from patients that produce dipolar parameters that are not located within the 
range of normal ECGs are considered to be abnormal. 
 Finally, the design and implementation of a three-dimensional surface plotter is required to 
visualize the results of the proposed method. The implementation of this code was done in MATLAB. In 
addition, it must be capable of displaying surface potential maps in both the surface of the heart and the 
surface of the torso. In the case of the analysis of the precordial ECG leads, the display will be done using 
the data from a finite element (FE) model for both the human torso and the human heart; the FE model is 
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available from an open source simulation software named SCIRun/BioPSE created at the Scientific 
Computing and Imaging Institute at the University of Utah [SCIRun, 2009; BioPSE, 2009].  

2. Materials and Methods 

2.1. Software and Digital Data 

The materials required for the proposed research can be divided into two: software and digital ECG 
data. The first software required is SCIRun/BioPSE software and its necessary to obtained the FE model of 
the heart and torso to be used for display of potential maps [SCIRun, 2009; BioPSE, 2009]. The authors 
developed the second software required as part of this research for display of surface data from 3-
dimensional discrete data. The software creates polygons through points in a three-dimensional space, and 
then projects the potential values onto its surface. A population of 104 digital ECG data was utilized for 
statistical purposes [Goldberger AL et al, 2000]. The data is composed of 52 digital normal and 52 
abnormal ECG data. 

2.2. Modeling Of The 6-Precordial Leads Of The 12-Lead ECG 

The six precordial leads of the 12-lead ECG are considered to be unipolar leads; measurements made 
with respect a distant reference electrode. Such measurements can be modeled using either one of the 
dipole models of the heart. In the case of the multiple-fixed dipole model, the 6 precordial leads of the 12-
lead ECG can be modeled using Eq. (3). That is, the first measurement of six precoridal leads has the 
following from: 
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corresponding to the first measurement of the six precorial leads. Therefore, the six precordial leads can be 
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Eq. (2) can be generalized for m precoridal measurements in matrix form as follows: 
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3. Results 

3.1 Implementation On The Complete Cardiac Cycle 

The proposed algorithm was implemented and tested on the complete cardiac cycle. The number of 
dipole sources used on this implementation was three. These dipole sources where located at the bundle of 
Hiss, the right ventricle and left ventricle. We performed a statistical study, constituted of 47 patients from 
a total of 52 available, to determine the range of normal ECGs from healthy patients. The remaining 5 ECG 
were used as test subjects to evaluate the algorithm’s performance. The parameters for the normal range of 
the 9-dipolar components for the healthy ECG are shown in table 1.  

The analysis consisted of applying the 3-dipole model to analyze each ECG and the characteristics of 
each dipole, as well as to compare it to the normal range shown in table 1. The components analyzed are 
the spherical components using normalized magnitude. In the case that a dipole has all its components 
outside the normal range then it is considered abnormal. And thus, the patient’s ECG from which these 
components were calculated is considered to be abnormal. A measure of accuracy was calculated. It was 
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found an 80% and 96% accuracy to detect a normal and abnormal ECG, respectively. A summary of the 
possible abnormality locations is shown in table 2. A comparison of surface potential maps, on the heart 
and torso, for a sample normal and an abnormal ECG is shown in Figure 1. 

Table 1. Range of normal ECGs in spherical coordinates (R,,) for the three dipoles sources used in the 
characterization of the full cardiac cycle with the multiple fixed dipole model. 

Dipole at 
Bundle of Hiss 

Normal Range Dipole at Left 
Ventricle 

Normal Range Dipole at Right 
Ventricle 

Normal Range 

  
                  

-1.19070.6476 
                

-0.77690.6761 
                 

-1.13150.7770 

  -0.29940.4893   -0.05910.3088   0.05720.0587 

R 0.06890.0321 R 0.07290.0357 R 0.07270.0354 

 

Table 2. Summary of the arrhythmia location on selected abnormal patients analyzed with the 3 dipole model. On the 
following table an  signifies no abnormality and an X signifies abnormality. 

Patient # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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                     i) Patient #1      ii) Patient #2 

                       
                   
                   iii) Patient # 4                                                   iv) Patient # 17 

Figure 1. Color-coded surface potential maps of the heart corresponding to the peak of the QRS complex for 
abnormal patients 1,2,4 and 17. Areas of red color correspond to a maximum potential while areas of blue 
correspond to a minimum potential. An anterior view of the heart is shown for patients 1 and 2, a right-
lateral view is shown for patient 4, and a posterior view is shown for patient 17.  
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4. Discussion 
In order to arrive to an approximate solution to the inverse problem of electrocardiography, which by 

definition can have infinite amount of solutions due to its overdetermined nature, it is necessary to include 
a-priori information. In the case of the single and multiple-fixed dipole models the solution to be obtained 
are two: the position of the dipole inside the torso and the dipole moment components that provide an 
equivalent source corresponding to that particular position. In theory any position inside the torso could 
provide an equivalent solution that will reconstruct the surface potentials with a low error. Yet, most of 
these solutions have no physical or clinical meaning and thus they must be discarded. Therefore, in order to 
provide solutions that can be interpreted physically it is necessary to limit the solutions to the boundary of 
the heart, because the purpose of the dipole model is to mathematically model the heart on both its location 
inside the torso and electrical behavior. On the other hand, a-priori clinical information is necessary to 
provide clinically relevant information of a patient’s electrical activity of the heart. In clinical diagnosis, 3 
different regions inside the heart are regularly studied. The bundle of Hiss, and the right and left ventricles 
are the regions more commonly identified for diagnosis. These three locations meet the a-priori physical 
requirement for the required solution. 

The accuracy of identifying an abnormal patient is dependent of the population of patients with normal 
ECGs as this establishes expected parameters range. The ranges for these parameters can be improved by 
improving the population for normal ECG data by increasing the data population. Increasing the population 
can accurately improve the mean and standard deviation of the parameters shown in table 1.  In addition, it 
can potentially increase the accuracy of locating the possible region of abnormality inside the heart. The 
results from table 2 show that the proposed algorithm is capable of identifying an abnormal patient with 
96% accuracy. Nevertheless, patients 2, 4 and 17 were the only patients that specific regions of abnormality 
were found.  Furthermore, the information that can be provided by the proposed algorithm is not limited to 
identification of abnormal patients, or possible location of arrhythmias, but also to colored-coded surface 
potential maps of the heart. The maps shown in figure 1 were as expected for the 3-dipole model; they 
show the dipolar behavior that characterizes the electrical activity of the human heart. 

5. Conclusion 
In conclusion, the analysis indicated that the proposed algorithm could successfully identify patients 

with abnormal ECGs. In addition, it also indicated the equivalent region from which the abnormality could 
have originated. It can be concluded that the characterization of the electrical cardiac activity with multiple 
dipoles can lead to a preliminary diagnosis of the origin of abnormalities in the ECG. The equivalent 
solutions obtained from the dipole model, location and dipole moment can prove to be a valuable asset in a 
preliminary analysis of ECG signals through a statistical analysis. The artifacts inherited in the process can 
be reduced by a statistical analysis. In addition, it was shown that using 3 fixed dipole sources in physically 
relevant position inside the heart is enough to identify abnormal behavior in the ECGs. 
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