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Summary

The basic concept of the inverse problems is that a theory or law is derived through a
investigation of locally observed natural or physical phenomena. In general, the inverse
problems are defined as problems for identifying a cause from observed effects. The inverse
problems have been studying for over one hundred years. The first inverse problem was
probably solved by N.H.Abel in 1823. With regard to applications for engineering, inverse
analyses for solving the inverse problems have been studied in recent years. One of the
success examples is the computed tomography (CT).

The inverse analyses are widely associated with geophysics, medical engineering, design
of industrial products and non-destructive testing. But any inverse problems are reduced
into solving an ill-posed system equation. Various inverse analyses were proposed and
utilized, however most of the inverse analyses currently requires a great number of try and
error iterations.

The subject of this study is the inverse problems in the electromagnetic fields. The inverse
problems in the electromagnetic fields are classified into two major categories, i.e. one is the
inverse parameter problem; the other is the inverse source problem. Previously, the sampled
pattern matching (SPM) method has been proposed and utilized for the inverse problems in
the electromagnetic fields.

This paper presents the novel approaches employing both the SPM method and the
wavelet transform.

In this paper, at first, the physical and mathematical backgrounds of the SPM method are
clarified.

Secondly, the defect estimation problem is taken up as an application of the SPM method
for the inverse parameter problems. And this paper proposes the projective SPM (PSPM)
method for the defect estimation problem in a conductive material. Numerical and
experimental results demonstrate the validity of the PSPM method for the defect estimation
problems. Because of the high electrical contact resistance, it is sometimes difficult to



measure the correct local electric potentials by direct contact. Therefore, this paper proposes
the defect estimation from local magnetic field measurement, too. The comparison the
method with the electric potential measurement demonstrates the usefulness of the defect
estimation from local magnetic field measurement, especially for materials with low
resistivity. Further, this paper investigates an approach utilizing both the electric potential
and the magnetic field measurements. The estimated results show that the approach makes
it possible to estimate even plural defects in a conductive material with relative high
accuracy.

Third, this paper proposes a novel approach to estimate the electrical conducting path
from both of locally measured electric and magnetic fields. By means of numerical results, it
reveals that the global electric conducting path is able to be estimate as a power
distribution. Further, the new approach is applied to an electrical conducting path in a
human heart from both the magnetocardiogram (MCG) and electrocardiogram (ECG). As a
result, it is revealed that the method makes it possible to show the distinguished different
power distributions depending on the human heart conditions.

Fourth, the SPM method is applied to the leakage magnetic field source searching of the
notebook computers. Because of the high frequency magnetic fields, the magnetic fields
above the keyboard of a notebook computer are measured as a typical example of electronic
devices. And this paper applies the inverse approach to the leakage magnetic field source
searching of the notebook computers. As a result, it is found that the approach is quite
effective for the leakage magnetic field source searching for the electronic devices. Thus, this
paper has successfully established a methodology for the magnetic shielding in the EMC
field.

Finally, a novel inverse approach employing the wavelet analysis is proposed, and
clarified the validity of the new approach. Key idea is that the system matrix of the inverse
problems is regarded as two-dimensional signal data. The two-dimensional wavelet
transform is applied to this system matrix. As a result, an approximate inverse matrix of the
system is obtained. This paper applies new approach to examples of both the inverse source
and parameter problems. Simple examples demonstrate the validity of the approach.
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