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This paper discusses the forward and inverse problem for cardiac magnetic fields and electric potentials. A

torso-heart model established by boundary element method (BEM) is used for studying the distributions of cardiac

magnetic fields and electric potentials. Because node-to-node and triangle-to-triangle BEM can lead to discrepant field

distributions, their properties and influences are compared. Then based on constructed torso-heart model and supposed

current source functional model—current dipole array, the magnetic and electric imaging by optimal constrained linear

inverse method are applied at the same time. Through figure and reconstructing parameter comparison, though the

magnetic current dipole array imaging possesses better reconstructing effect, however node-to-node BEM and triangle-

to-triangle BEM make little difference to magnetic and electric imaging.
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1. Background

The bioelectric sources in the heart region, to-
gether with electric currents driven by them in heart’s
surrounding areas will give rise to electric potentials
on the body surface and magnetic fields outside the
human body. These electric and magnetic signals can
be recorded by electrocardiogram (ECG) and mag-
netocardiogram (MCG).["2] The ECG has been com-
monly accepted for diagnosing various heart diseases
for decades, while the application of MCG is still im-
mature because of the limitation of traditional MCG
technology and capital, nevertheless electricity and
magnetism are inseparably connected and they should
be combined together to provide a more efficient and
effective method of recognizing and testing heart dis-
Compared with widely used ECG, which is
popular for its simplicity and cheapness, MCG also

eases.
has several special advantages. As a kind of non-
contacting and non-invasive detecting methods, MCG
can offer high spatial resolution for magnetic signals,

obtain direct-current magnetic fields due to the pos-
sible neglect of graded currents on skin, and record
the magnitude alteration on a large scale consider-
ing the existence of ring currents. Since the discov-
ery of high-temperature superconductor, the develop-
ment of superconducting quantum interference device
(SQUID) fabrication and SQUID magnetometer ap-
plication have encouraged the MCG to be applied into
highly sensitive biomagnetic measurement.~?!
Before clinic application and experiments in vivo,
simulations of electric potentials and magnetic fields
based on heart model is necessary because researchers
should understand the structures and characteristics
of electric potentials and magnetic fields in advance
in order to guide the clinic and in vivo measurements.
The boundary element method (BEM),[%7 finite ele-

[8,9] [10] etc.

ment method and finite difference method,
are usually used to construct heart and body models
and determine the electric and magnetic distributions
from a known current distribution. The BEM, being

adopted in this paper to solve electric and magnetic
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forward problem, is a method to tessellate interfaces of
different tissues and connect the electric potentials on
interfaces with each other or with magnetic fields on
measuring plane by transferring geometrical matrices.

Aiming at surveying heart electrophysiological ac-
tivities, researchers also pay their attention to specu-
late cardiac current sources. This is an example of
the inverse problem as opposed to the forward prob-
lem. Compared with transmission tomography and
magnetic resonance imaging, which have higher res-
olution and provide anatomic images, magnetic and
electric source imaging can give functional images
though their resolution and accuracy are limited. The
functional cardiac source can be chosen as one or
more current dipoles or current multipole with un-
defined positions, magnitudes and orientations.!*1—16!
It also could be an array of current dipoles with
fixed positions but unknown magnitudes and orienta-
tions, calculated by solving matrix-equation directly
without iteration.'”=19 As to inverse algorithms for
current dipole array imaging, many applicable algo-
rithms have been raised in recent years, for example,
the most original and classic—minimum-norm least
squares method, the optimal weighted pseudo-inverse
method and its special case—the optimal truncated
pseudo-inverse method, L-curve method2% and the
truncated total least square method.[?!] The optimal

constrained linear inverse method!!” is selected to
solve the inverse problem in this paper. One of the ma-
jor themes of the paper is to reconstruct the functional
current sources—current dipole array on account of
simulated electric and magnetic data and discuss the
influence of diverse BEM tessellating methods on the
electric and magnetic imaging.

2. Method

2.1. Forward problem

As is known, the bioelectric currents inside the
human heart will generate cardiac magnetic fields out-
side the body and electric potentials on the body sur-
face, while these fields are caused not only by bioelec-
tric currents, also called primary currents JP resulting
from heart electrophysiological activities in conduct-
ing tissue, but by volume currents JV flowing pas-
sively to satisfy the continuity of currents. Let the
total current J = JP + JV lie in a piecewise homo-
geneous volume conductor G, which consists of n ho-
mogeneous and isotropic parts G; with closed surfaces
S;, 7 =1,2,...,n, thus considering both J? and JV,
we can express the cardiac magnetic fields B(r) and

cardiac electric potentials V() on surface Sy, as:(??

Ho ’ " / r—r
B(r) = By(r) + E 0.—0./V1“7,><n»d5»7 1
() 0() 7Tj21(j g) s, ( )|7“—7“’|3 At} ()
200 1 = (0 —0%) r—r
Vi(r) = - — g/ Vir')——— dS;, 2
D= e Y ar oo Js, T T ?

where

r—r

_ @ P / /
By(r) = g /GJ (r') x 7‘1‘ - r/|3dv7 (3)

1 Wor—r

Vir) = o= [ ) T @)
are the magnetic induction and electric potential due
to JP in an unbounded and homogeneous space re-
spectively, o is the permeability in vacuum. oq is
the conductivity in the area containing current sources
JP. The (0 — o)V (r')n; can be deemed as surface
current density caused by the sudden change of con-
ductivities on the interface S;, m; is the unit vector
pointing to outside of dS;, o’ and o7 are the conduc-

tivities on the inner and outer sides of S;.
Simulated B(r) on measuring plane and V(r) on
body surface can be calculated according to Egs. (1)

and (2), which give an appropriate model of cardiac
current sources, however, the second part on the right-
hand side of these two equations is an integral, which
is hard for computing directly. Only by tessellating S
into tiny parts, these integral terms can be translated
into summation and then computed analytically.

It is commonly accepted that .S; should be divided
into many small triangles, while tessellating forms are
diverse and here the method for division is chosen from
the paper of Barr et all% as shown in Fig. 1, where
a torso-heart model is constructed by BEM. In this
model, for simplification other tissues except for torso
and heart are neglected, the areas inside the heart,
and between heart surface Sy and torso surface Sg
are thought to be homogeneous with conductivities
o1 and o9, so B(r) and V(r) expressions in this con-
dition are
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2 1 - 1
Vi(r) = Vo p(r) + 5 2 / Vai(r)d2n(r, ) + = [ Vi(r')dss(r, "), (5)
P 2t og Su 27 J sy
20 1 o1—0 1 o
Vi(r) = ———Vou(r)+ ———— / Vi (r)d 2 (r, v) + 5—— Vs(r')dQus(r,7'),  (6)
o1+ o9 2w o1+ 02 Jgy 2w o1+ 02 Jog
r—r r—7r
B(r) = By(r) + @(01 — 09) Vi (r')————5 x ngdSy + &02/ VB(r')————3 x npdSp, (7)
4dn Sy |r — o’ 4m Sg lr— 7|
|
where ) Two methods for BEM tessellation are mainly
A (7, ,,/) __r- T3 -n;dS; discussed in this article. One is node-to-node tessel-
v — 7| lation, and the other is triangle-to-triangle tessella-

is an element of solid angle subtended at an observa-
tion point r on surface S, by an area element dSf on
surface S¢, 7’ is the position of the element dS;.

(5) and (6) can be rewrit-
ten in the form of summation. The electric poten-

Integrals in Egs.

tials at discrete points on Sg and Sy are Vg and
Vi respectively, Vg = (V@,V3,..., VéVBD)T7 Va =
(V}%,Vg,...,VIfHD)T, Ngp and Nyp are the num-
bers of discrete points on Sg and Sy. From rewrit-
ten Egs. (5) and (6) with summation form, it is found
that Vg and Vy are connected to their correspond-
ing electric potentials Vo s = (V' Vig, - - I/E)J’VBDB)T,
and Vou = (VO{H, VOQ,H, cee VOJ’VI&)H)T in an unbounded
space by a P matrix only related to the shapes of Sp
and Sy, and their geometrical relationship reads

20’1 Vi
Psp Peu VB | 3 o9 0.B (8)
Pup Pun Vi 20, Vo
o1 +o09

The Vp,g and Vp i have precise analytical expressions,
so given a functional source model, they can be cal-
culated easily. According to Eq. (8), through finding
the inverse of matrix P we can obtain V3 and V.

Next, the perpendicular component of B(r) at
measuring point 7’ with discrete form is

) Npr i —’P
Bl(’f‘) = 0'2 Z @J B
Pt *T’B
xnl - e'AS,
Nz T — 7“
+7 g1 — 0'2 Z @J H
Pt —’I“H
x n; - e'ASY, (9)

where Npt and Nyt are triangle numbers on sur-
faces Sp and Sy respectively, @% and éﬁﬂ are chosen
to be the mean potential of the three apex-potential
of the triangle AS%L and AS) respectively, &5 =
(Df, DF,..., OYP)T by = (B, B, ..., oY"™)T.

tion. As to the first tessellating method, where Ngp
and Nygp are chosen to be the number of the discrete
nodes on Sg and Sy:Np and Ny, thus the P matrix
((NB+ Nu) %
cients (elements of solid angle) for the nodes. When it

(N + Np) dimension) consists of coeffi-

comes to the second tessellating method, where scat-
tered points are the centroids of the triangles and po-
tentials are taken constant over each triangle, the po-
tentials can be solved from Egs. (5) and (6), where the
matrix P ((Ngt + Nut) X (NgT + Npr) dimension)
contains the solid angles subtended at the centre of
each triangle by all other triangles. To distinguish po-
tentials in these two tessellations, potentials on nodes
are expressed by Vg and Vi, and potentials at the
centre of each triangle are set to be &g and @y.

2.2.Inverse problem

The magnetic field detected by magnetometer or
magnetogradiometer at point 7 and the electric po-
tential measured with point electrode at point r* on

torso surface can be written in the form as follows: (23!
] ) NBp ‘ Nup ‘
P SRS S
m=1 n=1

i—=1,2..., M, (10)
Ngp Nup
Z CE™ Vil + Z Vol

k=12, Nop, (11)

where the matrices Ag (M X Ngp), Ay (M X Nup),
Cp (Npp x Npp) and Cy (Npp X Nup) consist of ge-
ometrical factors and are computed only once unless
the geometry or the detector configuration is altered.
In this computation, discretisation points are the cen-
troids of the triangles on S and Sy, so A, Ay, Cp
and Cy will have different expressions in node-to-node
and triangle-to-triangle tessellations.

Furthermore, the magnetic field and the electric
potential are the linear function of the primary current
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distribution:
Bi:/ Li(r') - JP(r")d>r, (12)
G
Vk:/ Ly (r') - JP(r)d>r, (13)
G

where coefficients Li(r') and LE(r’) are called as lead
field of a magnetometer at r’ and electric lead field
of an electrode at 7F respectively. They are only
concerned with source, observation point distributions

and model geometries.

Comparing discrete Egs. (5) and (7) with
Egs. (12) and (13), we can obtain
L'(r') = Li(r') + Y AR L'(r')
m=1

Nmt

+ Y ALy p(r), (14)
n=1

NBT NHT

= > CELyg(r

m=1

+ Z Czn n (15)

where
. i pl) % el
LB(’I’/):@(T -T‘) 36
4 |fr*Z _r’|
1 rk—y
LIS,E(T/) =

4o |Irk — 'r'/‘?)

are lead field and electric lead field without consider-
ation of boundary effect respectively.

The goal of inverse problem is to reconstruct the
primary current distribution, while we cannot acquire
the analytical solutions from Egs. (12) and (13) be-
cause of the integration terms and they should be dis-
cretized by supposing that the primary currents are
distributed on a thin layer with thickness h, paral-
lel to the magnetic observation plane, and tessellated
evenly into N cells, thus equations (12) and (13) can
be modified in a summation form:

ZLZ hAST
i=1, 2 ., Mg, (16)
ZL’f (r')hAST,
k:1,2,...,Mv, (17)

where J(r')hAS?" with dimension of A - m could be
7-@)". In

each cell of the thin layer, there will be a current

deemed as a current dipole Q7 = (QJ,

dipole, composing current dipole array as the equiva-
lent current sources.

According to Egs. (16) and (17), B =

(BY,B2,...,BMs)T v = (VL V2 . . VM)T =
(Q',Q%,...,QN)T satisty
B =LQ, (18)
V = LeQ, (19)

where L (Mg x N) and Ly (My x N) are lead field
matrix and electric lead field matrix.

Obviously, it is easy to assume that given L~! and
Lg ! the solution Q for cardiac magnetic and electric
inverse problems are obtained. However, under most
circumstances, because of the ill-posed problem on cal-
culating the inverse of matrices L and Lg, the solution
@ does not exist or is indefinite. Even so, we are still
able to get the most optimally approximate solution
@, which minimizes the residual A% = ||B — LQ|?
The OCLIM[I™ is chosen to solve
the inverse problem here to satisfy matrix equation:

and norm [|Q]|2.

Q = HB. (20)

For more realistic case, the measurement noises
can be added to magnetic fields and electric poten-
tials:

B =LQ + Wg, (21)
V =LgQ + Wy, (22)

where Wy and Wy are noise vectors Wiy =
(W, WE, . AT Wy = (W, W, ..., W)™,

In the system represented by Eqs. (21) and (22),
the OCLIM estimator for source reconstruction H =
L™ has the expression:

H= (AL + I (LALY + LT + I'"L" + ¥)7*.(23)

where covariance matrices A = EQQT and X =
EWWT,
noise amplitude vectors is I' = EQWT.

cross-covariance between the source and

2.3. Evaluation of the inverse solution

In order to evaluate the reconstruction effect, we
put forward the residual x? and its mean value Ex?,
which denote how closely reconstructed field values
match the measured signals and how closely a recon-
struction and the given measurements match on aver-

age,
X* = (B-LQ)TE (B~ LQ)
= BYI-LH)"Y '(I-LH)B, (24)
Ex? = EBY(I - LH)"S (I - LH)B. (25)
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3. Numerical simulation

3.1. Torso-heart model and current

dipole array

As is shown in Fig. 1, a torso-heart model is con-
structed, where the torso is set to be an ellipsoid
(22/a®+1y? /b*>+22/c® = 1) with its structural parame-
ters a, b, ¢ chosen corresponding to the realistic torso’s
size and the simulated heart is simplified as a sphere
with radius r. To simulate magnetic and electric dis-
tributions analytically, the torso and heart surface
are tessellated by node-to-node BEM and triangle-to-
triangle BEM whose methods are mentioned in Sub-
section 2.1.

AY

\ A=

re(.:c_y:nsp"}ug::tio plane

/observation plane

Z

Fig. 1. Torso-heart model constructed by BEM. The observa-
tion plane is placed in front of the model. The reconstruction
plane sits in the centre of heart model. Dash lines along the
longitude and latitude show how this model is tessellated.

Part of the torso with z > 0 is treated as the front
side of human. In front of the torso-heart model there
lays a magnetic measuring plane which is parallel to
XOY plane and next to torso’s front side. Nodes on
this plane are N (N = n X n) measuring points.

The square area in the centre of heart in Fig. 1 is
the reconstruction plane with M (M = m X m) recon-
Car-

diac primary currents are supposed to distribute on

structing points, coinciding with XOY plane.

this plane. The source model of current dipole array
presumes a set of current dipoles distributed homo-
geneously on the reconstruction plane, that is to say,
each grid centre places one dipole, thus all the dipoles’
positions are fixed. This priori serves as a necessary
condition for inverse computation described here be-
cause only when all the dipoles’ positions are defined,
the magnetic fields and electric potentials can have
linear relationship with current sources.

The testing source for generating magnetic fields
and electric potentials is chosen to be a single current

dipole p, which is a proper functional source model for
imitating cardiac electrophysiological activities during
QRS and ST-T complex in one cardiac cycle, where
magnetic and electric magnitude are much larger than
that in other moment in one cardiac cycle, in other
words, the signal-to-noise ratio (SNR) is much larger,
thus it is easier for researchers to pick up useful biolog-
ical information from these periods. As a result, QRS
and ST-T complex containing quite valuable ECG and
MCG information has been exploited by most doctors
to diagnose heart related diseases.

3.2. Comparison of node-to-node BEM
and triangle-to-triangle BEM

In this section, based on the torso-heart model
and BEM, the influence of two different BEM tes-
sellating methods on the magnetic field distribution
is discussed. The model structural parameters are
the same for two tessellating methods: as to ellip-
soidal torso a = b = 0.2 m, ¢ = 0.1 m, as to
spherical heart » = 0.05 m. The conductivities of
heart muscle and inner torso tissue are 0.10 S/m and
0.04 S/m, respectively.?* For BEM, 24 areas are di-
vided evenly along the latitude and longitude of torso
and heart surface, producing 554 nodes and 1104 tri-
angles on both surfaces. The test current dipole p =
(—=107%,107%,107%) A - m is placed at 7o = (0,0, 0) m.
The observation plane is 0.02 m in front of the torso.

Bo x10~12
’ 3
- 2
1
g 0
>~
—1
—0.05 + -2
-3
—0.10
—0.10 —0.05 0 0.05 0.10
X/m
Fig. 2. The MCG map for magnetic fields in an un-

bounded space By.

As for diverse tessellations, in unbounded space
the magnetic fields By are the same, while in node-
to-node BEM model constructed according to Ref. [6]
and triangle-to-triangle BEM model described simi-
larly with Ref. [25], the magnetic fields B in bounded
space are different. Figure 2 shows the MCG map of
By on the observation plane, ‘+’ denotes the positive

)

magnetic area and ‘—’ signifies the negative magnetic

area.
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Considering the boundary effect, we shall modify By by volume magnetic fields By produced by surface
currents. Although two kinds of modifications caused by diverse BEM tessellations are roughly the same,
magnitudes of magnetic fields B with boundary have a slight difference at the same measuring point, leading to
discrepancies on the shape of the MCG map of B shown by Fig. 3. Figures 3(a) and 3(c) are B’s MCG maps with
node-to-node tessellation and triangle-to-triangle tessellation, respectively. The magnitudes of magnetic fields
in the bounded space are about 1/3 of those in the unbounded space, which means By is counteracted partly
by By. Figures 3(b) and 3(d) are the MCG maps of volume magnetic fields By. From these four comparing
pictures, we can have a better understanding of how and in what degree does By offset By, the impact of
different BEM tessellating methods on the magnitudes of B and get prepared for magnetic and electric imaging

based on distinct BEM tessellations.

x10~12 x10~12
0.10 0.10
10 + 2
0.05 05 0.05 1
8 0 £ 0
~
= 0 o> 0
—05 .
—0.05 —0.05
~1.0 .
2
—0.10 8 ~0.10
~0.10 20.10 —0.05 0 005  0.10
X/m
(b)
«10-12 x10—12
0.10 Lo 0.10 ,
0.05 05 0.05 1
g 0 g 0 0
S 0 N
0.5 -1
—0.05 —0.05
- 2
~1.0
~0.10 ~0.10
~0.10 —0.05 0 005  0.10 2010 —0.05 0 005  0.10
X/m X/m

(c) (d)

Fig. 3. Comparing figures of B and By simulated by node-to-node BEM and triangle-to-triangle BEM. (a) and
(c) are B’s distributions with node-to-node and triangle-to-triangle tessellation, respectively. (b) and (d) reveal
Bvy’s distributions with node-to-node and triangle-to-triangle tessellation, separately.

The current dipole array reconstruction using these two tessellating methods will be discussed in the next

section, where the magnetic and electric imagings are both considered and compared.

3.3. Current dipole array reconstruction

The goal of this part is to conclude the impact of diverse BEM tessellations on the electric and magnetic
imaging using OCLIM. The torso-heart shape parameters are the same as before. Current dipoles serving as
cardiac electric sources are assumed to distribute evenly on a thin layer at the centre of the heart, the nearest
distance between the two would-be reconstructed dipoles is 0.005 m, and there are 14 x 14 dipoles in all. A
single current dipole placed at (0,0, 0) with its magnitude (—=107%,1076,107%) A - m is assumed to be the testing

source for producing simulated fields. As to inputs for inverse computation, the simulated magnetic fields are
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obtained from 6 x 6 measuring grids, the electric potentials come from all the nodes or centroids of tessellated
triangles.

Let us suppose that the magnetic and electric imagings are applied without measuring noises originally, thus
under this condition current dipole array reconstructions considering two BEM tessellations are shown in Fig. 4.
Figures 4(a) and 4(b) are current dipole array reconstructions resting on magnetic fields with node-to-node and
triangle-to-triangle BEM tessellations respectively. Figures 4(c) and 4(d) manifest the electric reconstructions
of current dipole array with node-to-node and triangle-to-triangle BEM tessellations respectively. Through
comparison, the effect of magnetic imaging is better than that of electric imaging clearly. At the same time,
the imaging depending on node-to-node BEM embraces more favourable effect than imaging based on triangle-
to-triangle BEM.

0.04 (a) 0.04 " ‘ ‘ (b)
L T S N U SR D 2 T U S S S L B
A S T N N e S SN = e L S T N 1}
S N L S (N
0.02 PO T T N N T I 0.02 — N S S~ S 0wy e e
S A T N N N T F N N T Y P B
g L I W N N S S N U U g O R Y T T W S
= L RN ~ o~ N N v L « = = 7 VA NNt s e .,
S 0 [ T S N : 0 [ T TR NN L
R N T T Iy P T N N U U S S
T S N ~ N oL L N T
P O R T T TS
—002} IVl ITTITolLlIz: —002f <l T LuIIIo
N~ v 4 e e P L= = = s P
O T SR S B S h ot S S s s s s s e e~
—0.04 w s : —0.04 . : :
—0.04 —0.02 0 0.02 0.04 —0.04 —0.02 0 0.02 0.04
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0.04 ‘ ‘ ' 0.04 d
L T T T R __(C) R NN I( )
NN N L e e e e N- D B T
L R R T T I
0.02 ¢ LI T T T 0.02 e N = mem = e N =
T R R 2 T R T B S e N L
g LR SN O g N R
Z ol ~ oV N~ - N« =~ - =~ - = LN R N N
>~ R S W N Y t 4 - e~ >~ 0 L T B B NS -t s
L 2 N W U U S I ¥ A B Y N P A S I |
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_002 [ ~ o 4 e =~ N ror o~ —002 N L S -, 0N
NSNS N e e = SN -, - N N N = - -~ L
o~ e e = ~ - =~ 7 L N N T PN
—0.04 ‘ s . —0.04 : . :
—004  —0.02 0 0.02 0.04 ~004  —0.02 0 0.02 0.04
X/m X/m

Fig. 4. Magnetic and electric dipole reconstructions without noises during considering two BEM tessellating methods.
(a) and (b) are magnetic dipole reconstruction with node-to-node tessellation and triangle-to-triangle tessellation, re-
spectively. (c) and (d) display electric dipole reconstruction resting on node-to-node tessellation and triangle-to-triangle
tessellation, separately.

Next, the impact of noises on current dipole reconstruction will be discussed. Though there exist various
kinds of noises in the procedure of measurements, only the commonly emerged random noises are regarded here.
Once these noises are added to the simulated magnetic fields and electric potentials, the imaging effect, especially
the dipole symmetry and direction consistence with testing source will be influenced without any doubt, which
is obvious in Fig. 5 where the SNR is about 57 dB. The arrangement of four reconstruction pictures is the
same as those in Fig. 4. First, as to Figs. 5(a) and 5(b), the magnetic reconstruction with triangle-to-triangle
BEM tessellation is more severely influenced by random noises. Dipoles in central part of Fig. 5(b) are forced
to change their directions in high degree even though they have the tendency to have the similar direction with
the testing dipole. Secondly, from Figs. 5(c) and 5(d), dipole array’s direction consistence with testing dipole
is poor. In particular, the z components of current dipoles have increased greatly according to Fig. 5(d). The

weak electric reconstructing effect could be partly attributed to the complexity of its inputs.
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Fig. 5. Magnetic and electric dipole reconstructions with random noises (SNR =~ 57 dB) during considering two BEM

tessellating methods. (a) and (b) show magnetic dipole reconstruction with node-to-node tessellation and triangle-

to-triangle tessellation, respectively. (c) and (d) are electric dipole reconstruction with node-to-node tessellation and

triangle-to-triangle tessellation, respectively.

In order to describe the reconstructing effect
quantitatively, two imaging parameters are brought
forward: residual y2, which represents how closely
the measured and reconstructed field values match;
mean residual Ex?, which reveals how closely a recon-
struction matches the given measurements on average.
Figure 6 shows residual y? as the function of SNR,
line with marker ‘x’ expresses the residual of mag-
netic imaging using node-to-node BEM and its near-
est ‘o’ line is the tendency of magnetic imaging resid-
ual based on triangle-to-triangle BEM. As for electric
imaging, lines with marker ‘+’ and ‘x’ are residuals
as the function of SNR adopting node-to-node and
triangle-to-triangle BEM tessellating methods respec-
tively. Note that Y axis adopts x2’s denary logarithm,
log;, x2. The common property of these four lines is
that they change gently before 50 dB, though ‘X’ line’s
flat tendency lasts longer to about 80 dB. After that,
four lines are all increasing with SNR’s augmentation.
The differences among these lines focus on their val-
ues of log;, x?. The ‘+” and ‘o’ lines’ magnitudes are
close and much smaller than ‘4’ and ‘X’ lines’ mag-
nitudes, which are relatively distant from each other.
This phenomenon demonstrates that the magnetic re-
constructing effect is better than electric reconstruct-

\
ing effect with regard to OCLIM.
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Fig. 6. Residual as the function of SNR. Lines with the
marker ‘x’ and ‘o’ present the residual of magnetic imag-
ing using node-to-node and triangle-to-triangle BEM; ‘+’
and ‘X’ lines denote electric imaging residual with node-
to-node and triangle-to-triangle BEM respectively. The

log;, X2 serves as the scale of Y axis.

Figure 7 displays mean residual Ex? as the func-

tion of SNR, where the meanings of markers ‘x’,

o,
‘+7) ‘%’ are identical with those meanings in Fig. 6.
The Y axis here also adopts x?’s denary logarithm,
log;, x?. Four Ex? lines are very close to each other

and decrease linearly since 0 dB as shown in Fig. 7(a)

120601-8



Chin. Phys. B Vol. 19, No. 12 (2010) 120601

and for clearness these lines are magnified at a short
SNR spanned from about 70 dB to 85 dB in Fig. 7(b).

After examining reconstruction parameters y?2
and Ex?, we conclude that the OCLIM is a more ap-
propriate method for magnetic inverse problem, mean-
while the differences of imaging effects between diverse

0
—5
N
<
=
= —10
0
2
—15
=50 0 50 100 150

SNR/dB

BEM tessellations are not obvious. The poor electric
imaging effect may result from the large amount of
chosen measuring points and the inverse algorithm.
Our following work will focus on how to choose the
electric potential distribution as inputs and what in-
verse algorithm is more proper for electric imaging.
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Fig. 7. Mean residual as the function of SNR. For clearness, picture (b) is the magnified type of picture (a) in

smaller period of SNR. The meanings of diverse markers ‘x’, ‘o’, ‘+’, ‘x’ are identical with those meanings in

Fig. 6.

4. Conclusion

This paper mainly discusses the magnetic and
electric forward and inverse problems. As far as the
forward problem is concerned, a torso-heart model
is constructed by BEM, where the torso and heart
surfaces are tessellated by node-to-node and triangle-
to-triangle BEM. Depending on single current dipole
as testing source for generating simulating fields, the
cardiac magnetic fields outside human torso consider-
ing boundary effect are obtained and compared. As
for diverse BEM tessellations, the MCG map’s shapes
are roughly the same, though the magnitudes at the
identical measuring points are relatively discrepant.
Exploiting imitated magnetic and electric data from
current dipole as inputs, we also realize the magnetic
and electric imaging resting on models established

by node-to-node and triangle-to-triangle tessellations.
Figures of current dipole array reconstruction with
and without random noises are given, and then two
parameters x> and Ex? denoting imaging effects are
calculated and their changing tendencies as the func-
tion of SNR are shown. From the comparison of four
kinds of inverse computation using OCLIM, the mag-
netic imaging has better reconstructing effect when
the current dipole array is used as functional cardiac
current source model. However, diverse tessellating
methods make little difference to reconstructing ef-
fect. The magnetic and electric forward and inverse
problems help us decide the realistic measuring areas
in vivo and clinic measurements to understand the
cardiac activities functionally and explore a combined
detecting method with ECG and MCG.
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