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Abstract

When applying a SQUID system for diagnosing heart disease, it is informative to obtain the source current distributions
from the measured MCG (magnetocardiogram) signals since the bioelectric activity in the heart is generally represented by
distributed current sources. In order to estimate the primary current distribution in a heart, the minimum norm estimate was
computed, assuming a source plane below the chest surface. In the simulation, current distributions, which were computed
for the test dipoles, represented well the essential feature of the test-current configurations. Source current reconstruction was
performed for MCG signal of a healthy volunteer, which was recorded using a 40channel SQUID system in a magnetically
shielded room. It was found that the obtained current distibution is consistent with the electrical activity in a heart.

Keywords : SQUID, MCG, minimum norm estimation, current reconstruction

LA &

hy
s

|
A 0.
%

Al
o

A

4

el

AA

A7) A3 A2
A7} lol AAo] A%
A & Fedl, o2 2
A9apel A7)H A5 V)2
ojt}, wbHof ojzlg HFol
*@E]—‘:— ANNEE AA =
% (magnetocardiogram; MCG)?1H| 1
Ao\g vlEe el g wald e &
7] W&ol mgE A71AAMA 2HE FATA
A=) (Superconducting Quantum  Interference
Device; SQUID)E AM&sok &Ho| 7Hsateh

L.

T
]:
.

o rlr

v
=

1

e o

X
F A
"E]lf:
AT

[¢]

—

*Corresponding author. Fax : +82 42 868 5290
e-mail : hckwon(@kriss.re.kr

.48 -

P
b1 ol

Loy
il 2
AN <7

ey

i)

o] Al ;d—_q
0}71\ Az = o

el
H] x%&o]j_ 5|

=
o

-

K

e
. o
O{UJ.,ON

Y

Jfoy 4o, 22 o

or
rlo s

iy 2
|
P‘Lﬁozi

— J

N

il
o
ox

f
op
_‘L

S e

-

Rl yo b

0 2 offt o2l + E‘
N

,4
>

24
H_(I"I‘E]

> M S Ry
i

¢

33
[z

bR of
I T o e =
(o] ‘lN
o ol
A



Source Current Reconstruction Based on MCG Signal 49

o AN BFe A2 A
=2 tAld SQUID A~
w9 FLH BB
a5 Yol A7) 4

i
2
2

Ju e Lo

10 0 o
ua)

jubad
i lo
Lo (ol

AC)
_?l_',
2
-0,
Sy
p|
o for o FE T O ot px @

(o3

o =
o

o
¥o
o
i
fo
i)
oft
rlo
o
(o]
S

i)

|

oX, rd

2

:lo_‘re‘?“:(mm
rok

N
do (it o = 2 o2 o 2L i

oo L& 30 I o off
rd 2 o

SLorlr 3L e o o
lo
Sh
e
f
2
=
Ol
rir
pos
o

§2 L &2
koger
>,

o
IV
RS}
)

o
2

AN L ot
ok
U mlo
RV
by
o

:
2
=
-z
o we
o
>
[»
o)
lo
=y
S
=
A8
9
+
>

¢ g s S5 widd dAFde] 7t
Al 2o wiz 9ol A7t 0 o)X B
ATFollA et ol Hd dvs FAHE 49
A717F HAo7b "ok ARE Vel o7 ®HE
37 Hol Al @A AFdE dRLE o
|5l Mz tE A2 139 Hurt
ZFealxlnt [5].

Ao es HAE 40 AHE SQUID Al
Hoz =49 AR 3 FXEFE AS
AFe] ExE 35t7] Y5t minimum norm
estimation (MNE) ¥ 18 && o|&3 AFY A
T4 71EE o &3t (6] olwf Aol 74zt
A 43S 23} boundary element method
(BEM)E AH8sHd 7lite] Haeg £d &
AAA T AAFAIZEe] R HojA] & @de] 9l
t} [7]. @714 horizontally layered conductor
ndg AEste] HFdel 7kE okl Ue
o ExEo] i ofo HHQl Aw W
ek 7t A2 S@AZT WA spe W
FHel 3] simulation & F3)3te] A FHE
AFHEE7E A4 ARde HRE vgsteA
gelsta, AAz=E SHHE AT ASE o]
3t} P-QRS-T T4 HAFo BEE AT
o A% 5] dAgS AE Bl

ot ofo il

AFL ATH WY

1. minimum norm estimation
z < 0% FANA HIHEE FU3 T

2 T4 =AW A ol 9 434 2
FA QU)o a TA %9 A A
E Ay A5 BE obdjst @o] Aitdth (8]
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Fig. 1. Structure of the SQUID insert [9].
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(a) without noise (b) noise: 100 fTrms
Fig. 2. Simulation results of current reconstruction for 4
test dipoles. (&) without noise, (b) with rms noise of 100 fT.
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Fig. 3. Simulation results of current reconstruction for 4
test dipoles. (a) rms noise: 100 fT, (b) rms noise: 400 fT.
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Fig. 4. Rms waveform of the measured MCG signals.
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Fig. 5. Reconstruction of current distribution at various
time instants in an area of 100 mm x 100 mm. Arrows were
drawn to the scale indicated by the number in the right
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52 H Kwon et al.

-

Fig. 6. Magnetic field map at R peak of the MCG signals
normal to the dewar bottom.
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