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Abstract

We analyzed a noise-sensitivity profile of a specific SQUID sensor system for the localization of brain activity. The
location of a neuromagnetic current source is estimated from the recording of spatially distributed SQUID sensors. According
to the specific arrangement of the sensors, each site in the source space has different sensitivity, that is, the difference in the
lead field vectors. Conversely, channel noises on each sensor will give a different amount of the estimation error to each of
the source sites. e.g., a distant source site from the sensor system has a small lead-field vector in magnitude and low
sensitivity. However, when we solve the inverse problem from the recorded sensor data, we use the inverse of the lead-field
vector that is rather large, which results in an overestimated noise power on the site. Especially, the spatial sensitivity profile
of a gradiometer system measuring tangential fields is much more complex than a radial magnetometer system. This is one of
the causes to make the solutions of inverse problems unstable on intervening of the sensor noise. In this study, in order to
improve the localization accuracy, we calculated the noise-sensitivity profile of our 40-channel planar SQUID gradiometer
system, and applied it as a normalization weight factor to the source localization using synthetic aperture magnetometry.
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Fig. 1. SQUID sensor arrangement of the 40-channel planar
SQUID gradiometer system.
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I11. Synthetic Aperture Magnetometry (SAM)
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Fig. 3. Three-dimentional noise power distribution for the 40-ch. gradiometer system. The noise power has been estimated
by SAM. The left column and the right column are the power distribution on the x-y plane (z=0) and on the x-z plane
(y=0), respectively. (a) and (b) are for the case of a current dipole in free space. (c) and (d) are for the case of a magnetic
dipole in free space. (e)-(h) are for the case of a current dipole in a spherically symmetric conductor. (e)-(h) show an
irregular noise peaks, which results from the volume current consideration in the tangential component measurement
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Fig. 4. SAM estimation for a current dipole source in a
spherical phantom. (a) shows the signal power distribution,
(b) shows the noise power distribution, and (c) shows the
normalized signal power distribution. Note that (c)
indicates the position of the dipole source with a
sharply-determined maximum point.

toh ole AFY AA) 4T foE A%
dol s YAHE =4 W ALAR o
A AN E2FE AAST) dEeld.
A ARE, ARl EHR 477
WAgEe AMARY 9P wA LAY,
BAYRE A8 AMARY 9B vt
Bl 399 A Az"e] A71Fe] FAHE
& 24HE TR, AN AL A
HAFE 7loj7h AU wepd, AMe
2oRRE FePE Ho= F4Y A9, W
249 92 s Be o AANFE
43t et A4solol g 24
2 ezt B 39 b5 @ A9 Age

o AAA Ha, o] A} FLAHo] Fr)3HA
Hoh 2ol A F-o e dags FgE, o
oA Aol 71 RG] SR o]
3 4 It Fig 3()E BY FAEEo) &
FiE R gedgoe] o4, o]2RE 1Y
EARENM = A Qe A o)
ARH = FLSHEe Exrt AHAF o
g 3e] B 7913k
Td3te d9e] LS o
AA ZHel dojAe Al
o} gazez e
Ht o=z

i,

£
2
o,
g
e
l-d'.‘l
O
£
R/

i)

EAN

i
dlo o2l
N r_1>.i I
S oM.

2 4o
of
ok
o
4N
=

o T g
e,
ok
K
u

,d
dlo
2

AN L X HE g
i

l"Zﬁ _E‘ ol
rir
RS

n{g fol

e
L

o 2 N
in}
>
i)
e
>,
)
ox
>

U
fru
Az
o
o
N >

o

I S
ME ox o o R X

N
]15 129
lo
u
[%
2
g
u
)
)
o
)
o
i O
g
fr

o
ut
e
oxl
ol
2
2
lo

q
I
d

>

¢

S
M

e
ox
QL
H

[
o
12ad
lof
fu
Y
o
s
2

B o 1o W A ol 32 lo
jg ==
P
o
=
e
£
P
2
I8
Hr Mo

>,
[«0
o
32
o

VL. 4% A%

Fig. 4= Y7 99 mm¢] A2FEL 715 A

Mo



104 K Kimet al.

L8 F iRl Zo] 10 mme AFHIZAL
g #e 7Y W4 nF AFE S5,
AA N2"o g 27 2 A
Aste], SAMO.Z 259 =3
7} AM& = F34 13 Hz, 2
=1 g AAA e 500 fT,,
o nlfFolx, WAH A/|FE 40 AY AA
Al z"oA = 79 EFAMELT, y6)E A9
g 19709 xE 19709 vy, F 3870 Al
A2 1 %7 256 Hzo ME3H oz A3 o
°JHE AME3I T
Fig. 4= SAMOE A& Al =
w(q)°] 1, Fig. 4b)= JSAFEE o(q)olth
A

o
A gt

L.

FelEAHE
Feol og 3
N AR T, Asel el Ao A

A

o Hd
<
=
T~
q
Q
2

=
.
o

A

o
o

124 40708 HAAGE
Al M A e 3HEo]
4 ear8ds A
FAEAG. AH3 2
e R e R S
A7) whalated F
, =A 2 A,
53 84 A" 5494, AHA
w3 FFHOE JgE
B}

o = dAeeAe) HES
FA e AFE A AlX
Fedger Had &

T
w2
2
o

o o,
o

Shid

1
o
[>
A4

]

™ oy Jo i

=
o
rr
IR 4o IA
..>i',
A
Y o 2 B rfr o N o

2
lo
b
=x

o 1o
=
i
2 %

3R
lo
i
o o

Lo
e 2

A =
oN

olN
N
4
O
ei]
Pt

2 oA

fr Mox & 2 o2
2
o
o,

N,

T dlo
2
JE
e e
bl
i

g
o
P AT 4

g offt
>
2
o

ol

2 %

T
P
S8 0
fjo k

P
H

L2H SAM FAHc o3 WFHAL HAFA

°] 7hs = AT 3IRTh

SAMZ ¥ AFdY AXFHL SANE
3L

2 ATE Byt TANFATA (7
5 937 el A7H Jdor S
A&,

References

[1] J. Vrba, “Multichannel SQUID biomagnetic systems”,
in Applications of superconductivity, eds. H.
Weinstock, Dordrecht, Kluwer Academic Publishers,
61-138 (2000).

[2] M. Hamalainen, R. Hari, R. J. Ilmoniemi, J. Knuutila
and O. V. Lounasmaa, “Magnetoencephalography -
theory, instrumentation, and applications to
noninvasive studies of the working human brain”, Rev.
Mod. Phys. 65(2), 413-497 (1993).

[3] J. Sarvas, “Basic mathematical and electromagnetic
concepts of the biomagnetic inverse problem”, Phys.
Med. Biol. 32(1), 11-22 (1987).

{4] Y. H. Lee, H. Kwon, J. M. Kim, and Y. K. Park,
“Multichannel applications of double relaxation
oscillation SQUIDs”, Supercond. Sci. Technol. 14,
1022-1026 (2001).

[51 S. E. Robinson and J. Vrba, Proc. 11-th Int. Conf. on
Biomagnetism (Biomag'9&), 302-305 (1998).

[6] B. Widrow and S. D. Stearns, “Beamformers with
superresolution: ~ Adaptive  Signal  Processing”,
Englewood Cliffs: Prentice-Hall, Inc. 445-455 (1985).



