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Abstract

We consider design factors for a SQUID sensor array to construct a 52-channel magnetocardiogram (MCG) system that
can be used to measure tangential components of the cardiac magnetic fields. Nowadays, full-size multichannel MCG
systems, which cover the whole signal area of a heart, are developed to improve the clinical analysis with high accuracy and
to provide patients with comfort in the course of measurement. To design the full-size MCG system, we have to make a
compromise between cost and performance. The cost is involved with the number of sensors, the number of the electronics,
the size of a cooling dewar, the consumption of refrigerants for maintenance, and etc. The performance is the capability of
covering the whole heart volume at once and of localizing current sources with a small error. In this study, we design the
cost-effective arrangement of sensors for MCG by considering an adequate sensor interval and the confidence region of a
tolerable localization error, which covers the heart. In order to fit the detector array on the cylindrical dewar economically,
we removed the detectors that were located at the corners of the array square. Through simulations using the confidence
region method, we verified that our design of the detector array was good enough to obtain whole information from the heart
at a time. A result of the simulation also suggested that tangential-component MCG measurement could localize deeper
current dipoles than normal-component MCG measurement with the same confidence volume; therefore, we conclude that
measurement of the tangential component is more suitable to an MCG system than measurement of the normal component.
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Fig. 1. Planar gradiometers measuring the tangential
component of myocardial magnetic fields in a liquid helium
dewar.
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Fig. 2. Sensor arrangement of the 52-ch. MCG system in the x-z plane (a) and in the x-y plane (b). The arrows indicate the
directions of pickup coils. The hollow of the figure (c) represents the confidence region of the tangential sensor array.
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Fig. 3. Confidence region diameter as a function of the
current source depth. The figure shows the widening of the
confidence region as the senser interval gets wider. The
inset shows the linear relation between the confidence
region and sensor interval at a constant depth.

e =372 . AN AL WEA Al
A AR WAE FUMAIIE, AT
AR ANAEA7S ZHelrlt BT FUheth
AA 227 30 mmF} 50 mmelA1e] AFHEATF
7He Aord) Zo] 5 cme] HAFAol thsiA
TF3F ARl 242 370 mmet 450 mmE 2F 80
mm BE 53 75 W7 AY S8k A
S B § gk AFFAHERY FAo] A
Aol vlgste] MY F718IEE (Fig. 3 inset),
At AT g AMAE AAR3e
Rol golsith, &F, AAFEC] 20 T, =¥
A 7Aoo}l 30 mme] A %100 mm Z o]
o] ATt ARl 350 mm ool BE, Al
ARAANE AFEA AT 5 Aok

Iv. QASHEY A= Al 2F9] H

“ (a)

D
o
o

Longitudina| direction f(thick line)
Trangversal direction {thin line)

Norraal-component-measuring system
Tangential-compnerit-measuring systel
i . i . i

Confidence region diameter (mm)

50 100 150
Depth (mm)

(c)
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