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Abstract—We propose a novel approach for localizing a cardiac 
equivalent moving dipole, by which only the maximum and the 
minimum values measured at two magnetic field measurement 
sites are employed in solving the inverse problem. The numerical 
experiments verify that the operation speed of this approach is 
faster than that of the previous equivalent moving dipole solution, 
which applies an iterative algorithm and 36-channel 
measurements by a superconducting quantum interference 
device (SQUID) system. Its localization error depends on the 
interval of two sites on a measuring plane. We also show the 
results of two sets of magnetocardiography (MCG) data, which 
illustrate the feasibility of this approach for localizing a cardiac 
equivalent current source in ST-T segment without using a 
realistic torso model. Moreover, the magnetic field produced by 
Ohmic current is discussed. 

Keywords-biomagnetism, magnetocardiography, MCG inverse 
problem, signal processing 

I.  INTRODUCTION  
The equivalent moving dipole solution is developed in 

solving inverse problems of the heart and brain with the aim of 
imaging of bioelectrical activity. The research on the solution 
includes (1) Using electrocardiography (ECG) or body surface 
potential map (BSPM) [1-3], and (2) Using 
magnetocardiography (MCG) [4-6]. In terms of the solution, a 
equivalent current dipole is estimated by minimizing the 
difference between the model-generated and the measured 
body surface electrocardiograms or magnetocardiograms. In 
recent decades, many successful applications of the solution 
with a realistic torso model have been reported. However, the 
iterative algorithm used in the solution and the use of 36 or 64-
channel SQUID measurements would cost quite a few minutes 
and require large memory space for the purpose of clinic 
application.  

In this study, we propose a novel approach of solving MCG 
inverse problem with reduced SQUID measurement sites. In 
general, a 36 or 64-channel SQUID system is used for 
detecting magnetocardiac signals. However, in fact, for a set of 
MCG data with two-pole MCG maps, only a few measurement 
sites could appear the maximum and the minimum magnetic 
field values among 36 SQUID measurement sites during ST-T 
segment of a cardiac-cycle. Thus, we propose an approach of 
localizing an equivalent current source, using the maximum 
and the minimum magnetic field signals measured at two 
measurement sites in ST-T segment. We also notice that the 
site appeared the maximum or the minimum magnetic field 

value could change one or more times in ST-T segment, which 
depends on measured magnetocardiac signals. 

II. METHODS 

A. Analysis of measuring MCG data 
In Figure 1 and Figure 2, (a) shows MCG signals of a 

subject measured by a 36-channel low-temperature SQIUD  
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(a) MCG signals of the subject 1 
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(b) The site-distribution of the maximum and the minimum values in 100 

ms of ST-T segment 
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(c) X and Y coordinate-change plots of the two sites in 100 ms of ST-T 

segment 
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Figure 1.  MCG data analysis of the subject 1 
 

system. And (b) shows all sites of the maximum (black dot) 
and the minimum (square) magnetic field values among 36 
SQUID measurement sites over the body surface in 100 ms of 
ST-T segment. The measurement plane is 20 X 20 cm and the 
interval of two sites is 4 cm. We can see that there are only a 
few measurement sites appeared the maximum and the 
minimum magnetic field value in ST-T segment. As well as (c) 
shows the X and Y coordinate-change plots of the two sites in 
ST-T segment. Obviously, an abrupt change of X (Xbmax) and 
Y (Ybmax) coordinates of the site appear at 586 ms in 
Figure 1 (c). And an abrupt change of X (Xbmin) coordinate of 
the 

maxzB

minzB  site appears at 513 ms in Figure 2 (c). It is possible 
that they are related with the electrophysiology characteristic of 
the human heart. 
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(a) MCG signals of the subject 2 
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(b) The site-distribution of the maximum and the minimum values in 100 

ms of ST-T segment 
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(c) X and Y coordinate-change plots of the two sites in 100 ms of ST-T 

segment 

 

Figure 2.  MCG data analysis of the subject 2 

 

B. The proposed approach 
The relationship between the measured maximum (or the 

minimum) magnetic field and an equivalent current dipole 
(ECD) is shown in Figure 3. In terms of the Biot-Savart law 
[7], the maximum magnetic field value  measured at the 

site 
maxzB

1 1( , )x y  (or the minimum magnetic field min 2 2( , )zB x y ), 
which is perpendicular to the human chest surface, can be 
expressed as: 
 

max 1 1 1( , ) ,zB x y f d Q                                               (1) 

or 

min 2 2 2( , ) ,zB x y f d Q                                              (2) 

 
whereQ  is the source-moment magnitude, and d is the depth  
of the equivalent current dipole. When the maximum value 

max 1)z 1( ,B x y (or the minimum value min 2 )z 2( ,B x y ) of the 

measured magnetic field are known and the location 0 0( , )x y
d

 

of an current dipole is given along the line D, the depth  and 
the source-moment magnitude Q  of an equivalent current 
dipole can be solved. The localization error of this approach is 
related to the interval of two sites. In the worst case, the 
localization error is 1.2 cm, when a set of simulated magnetic 
field data is used to calculate an equivalent current dipole. The 
operation time is less than 1 minute with a normally equipped 
computer. 
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Figure 3.  The sketch of a measurement site of the maximum (or the minimum) 

magnetic field value in a measuring plane and the location of an 
equivalent current dipole (ECD), where the angle between the line 

and the X-axis is D  and the angle between the measurement 

plane and the line from 1 1( , )x y   to the current dipole is . 

III. RESULTS 
Here results of two sets of MCG data in 100 ms of ST-T 

segment are shown to illustrate the effectiveness of the 
proposed approach. An equivalent current source of the subject 
1 localized by five parameters is shown in Figure 4. The source 
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depth is between 4 cm to 6 cm shown in the left top of Figure 4 
(a). The location of the current source in the X-Y measurement 
plane is shown in the right top of Figure 4 (a). Two source-
moment components are shown in the left and right bottom of 
Figure 4 (a), respectively. It is noticeable that all of the source 
parameters change at the time of 586 ms. Two evaluation index 
regarding the GOF (Goodness of Fit) and the RMSE (Root 
Mean Square Error) are shown in Figure 4 (b). Although the 
two indexes have no actual significant, they display a decline 
trend, which will be mentioned in Part IV. The results of 
localizing an equivalent current source of the subject 2 are 
shown in Figure 5. The source depth is between 5.4 cm to 7 cm. 
And all of the source parameters change at the time of 513 ms.  
Two indexes have a similar decline trend as shown in Figure 4 
(b). 
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(a) The results of the subject 1 
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(b) The RMSE and the GOF index of the subject 1 

Figure 4.  The results of a set of MCG data of the subject 1 
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(a) The results of the subject 2 
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(b) The RMSE and the GOF index of the subject 2 

Figure 5.  The results of a set of MCG data of the subject 2 

 

IV. DISCUSSION 
It is obviously that the detecting magnetocardiac signals at 

36 sites on the measurement plane are of asymmetrical 
distribution. In most cases of two-pole MCG maps from a 
normal heart, the absolute value of the maximum magnetic 
field value is larger than that of the minimum value in ST-T 
segment. Theoretically speaking, it is caused by the current 
density iJ J E  in myocardial tissue based on the 

quasistatic approximation of the Maxwell equation, where  
is the current density (with regard to one or more current 
dipoles) and

iJ

E  is Ohmic current. If we assume that is the 
current density with regard to one equivalent current dipole 
source, then the changes of source-parameters or two indexes 
in Figure 4 and Figure 5 are just related to a magnetic field 
variable

iJ

EB caused by Ohmic current. 

The variables EB calculated from the previous two sets of 
MCG data of 100ms ST-T segment are shown in Figure 6 and 
7. The magnetic field EB  is obtained, when a symmetrical 
magnetic field generated by a current dipole is removed from 
the measuring cardiac magnetic field. The effect of the 

EB can also be revealed from the change trend of two indexes 
which have an increased trend. In other words, the magnetic 
induction flux generated by Ohmic current increases gradually 
in 100ms ST-T segment. The maximum value of EB  is about 
one fourth of T wave peak value. Thus, it is also a way to 
investigate the influence of volume conductor to cardiac source 
localization by using the information of the EB .  
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Figure 6.  The variable EB of the subject 1 
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Figure 7.  The variable EB of the subject 2  
  
 

V. CONCLUSIONS  
 We propose a novel approach for localizing a cardiac 

equivalent current source in ST-T segment of a cardiac-cycle, 
by which a few SQUID measurement sites are required. 
Simulation results demonstrate that this approach is feasible. 
However, how to improve the localization accuracy of the 
approach and remove the influence of volume conductor need 
further research and evaluation.  
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