The Magnetics Society of Japan

AACHWS Y4 24, 951-954 (2000)

ZBE 7 4 N EF—Z AW A AEERRIC X 2R 0% 75 1 R

Analysis of the Inverse Problem in Magnetopneumography by
Magnetic Noise Elimination Using Spatial Filter
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Measurement of the magnetic fields of the lung, called
magnetopneumogrphy, provides a good tool for those engaged in lung
research. The distribution of accumulated particles in the lung, however,
is not accurately reflected by a measurement value for magnetic flux
density alone. Actually, it is necessary to determine the distribution of
particles in the ung quantitatively to be able to apply results for clinical
use. To estimate the distribution and amount of magnetic dipoles, we
used a spatial filter to reduce noise in the measurement values. An
analytical result by the least squares method is provided that uses a
method for removing the noise included in the measurement values with
a spatial filter. This analysis method is called magnetic noise elimination.
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Fig. 1 Magnetic density B, produced by one magnetic dipole.
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Fig 2 Spatial frequency components of B, in magnetic fields shown
inFig1.
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Fig. 3 All spatial frequencies in pulse and cutoff frequency
(Fw).

2.00E+00 PZ(X)
1.50E+00

1.00E+00

5.00E-01

YN =
" . L L . N
\/
5 1 15 20 25 30

fm=10(1/m)

0.00E+00

-5.00E-01

Fig. 4 Approximation curve for magnetic flux density after passing
ideal low-pass filter with  Fw =10 (1/m) shown in Fig. 5.
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Fig. 5§ Curves passing a low-pass filter wsing a different cutoff
frequency (Fw).
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Fig. 6 Sampling responses of magnetic flux density as calculated at

each measurement position
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Fig. 7 Sampling responses of magnetic flux density in changing cutoff
frequency (Fw) of the spatial low-pass filter.
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Fig. 8 D,....D, are located at the original point. By..,By are

magnetic flux density produced by magnetic dipoles D;,...Dy

365 (B~B,) L LFE.

Table 1 Establishment and estimation of values of the dipoles
(unit: 10°wb *m)

Dipole | Establish of Estimation of dipoles moment

aumber | dipoles moment Fw = Fo | Fw=1/SF, | Fem1/8F, ‘mez&
1 051 0281 0288 0312 0565
2 1.02 1.025 1.045 1.033 0.841
3 1.02 0.947 0.924 0.925 0.838
4 0.51 0.416 0425 0.459 0.712
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Fig. 9 Estimate of magnetic dipoles value and distribution used by the low-pass spatial filter with Fw = Fy, Fw = Fy/8, and Fw =

Fo/12.

Table2 Evaluate result of magnetic noise elimination

Root Mean Goodness of fit | Correlation of
SquareError(nT) | of Mag fields(%) | dipole(%)
Fw=F, 256.20 98.12 65.67
Fw=Fy/5 178.12 99.23 75.64
Fw=Fy/8 163.91 99.87 78.98
Fw=Fy/12 22132 98.52 64.11
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