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Fig. 1. (a), (b) Simulated magnetic data generated by two correlated current sources with noise, respectively. The
red dashed line denotes the time of source reconstruction. (c), (d) Estimated spatial spectrum intensity contour on

XY plane (z = 11 cm) using SONG and MVB. The black cross signs x denote the given locations of two correlated

sources. (e), (f) Ratio 8 of noise-power gain of spatial filter output using SONG method.
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Fig. 2. (a), (b) The 36-channel MCG data of single-cycle from two healthy subjects, as well as the time-points

of Rpeax for MCG imaging.
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Abstract

For non-invasive imaging of cardiac electrical activity using magnetocardiogram (MCG) data measured on human
body surface, a key problem that needs to be solved is to enhance the spatial resolution of reconstructing distributed
current source dipole moment strength in MCG imaging. In this paper, a beamforming method of suppressing spatial
filter output noise-power gain (SONG) is proposed based on the minimum variance beamforming (MVB). The purpose
is to improve the resolution of the distributed source dipole moment strength reconstruction, i.e., the ability to resolve
the source for distributed current source spatial spectrum estimation, in order to enhance the resolution of the cardiac
electrical activity magnetic imaging. The method offers a new spatial filter weight matrix by using a low-trace positively-
semidefinite matrix that will affect the spatial filter output power, on the premise that the influence of noise spatial
spectrum of spatial filter on the estimation of current source spatial spectrum has been constrained by the noise spatial
spectrum intensity normalization. The positively-semidefinite matrix is specially constructed to satisfy the condition that
the eigenvalue is not greater than 1 and the trace of the matrix is lower than its order, so that it can be used to constrain
the spatial filter output noise-power gain for improving the robustness to noise of the source spatial spectrum estimation.
In addition, a classical model of the horizontally layered conductor is used as the heart-torso model to calculate the lead-
field matrix that needs to be used in source spatial spectrum estimation. The results obtained in this study are as follows.
For validating the proposed method, a theoretical analysis and simulation tests of the current source reconstruction are
performed, where the SONG and MVB methods are compared and a parameter of the signal-to-noise ratio is considered
according to the realistic MCG data. In this paper we also give the cardiac electrical activity imaging of 36-channel
cardiac magnetic field data of single-cycle from two healthy people, where a heart profile from the magnetic resonance
imaging is used as a reference and adjusted to the MCG measurement system. The results show that the SONG method
has ability to better resolve the current source and can observe the significant electrophysiological characteristics such
as the strong electrical activity in the ventricles of the healthy people at the time of Rpeak. In summary, our proposed
method can improve the visual effect of the cardiac electrical activity imaging, when the signal-to-noise ratio of the
single-cycle cardiac magnetic signal is not lower than 10 dB. Therefore, this method of measuring the non-invasively

imaging cardiac electrical activity is a promising one and helpful for relevant medical research and applications.

Keywords: cardiac electrical activity imaging, magnetocardiogram, inverse problem, beamforming
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