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Abstract- In this paper we develop a system for modeling and measurement of magnetic field
distributions in biological structures caused by the externally applied electromagnetic field. We
describe an effective and versatile approach for three-dimensional reconstruction of the field
distributions from two-dimensional visualization the measured magnetic field data. The finite
element model for magnetic field calculation is built. The magnetic fields of very thin slices of
the 3D object are determined and visualized. Using these 2D images as slices of 3D image and
based on the field theory and image processing techniques we developed a reconstruction
approach for 3D visualization of magnetic field. This approach combines new technologies of
3D visualizations and characterizes with flexibility, simplicity and portability. The proposed
approach was successfully applied for 3D reconstruction and visualization of magnetic field
and current distributions in biological structures. The virtual microscope is developed for
investigations of magnetic field distributions in biological structures during magnetic
stimulation. Anisotropic Magneto-Resistive (AMR) sensors are applied for magnetic field
measurements. AMR sensors are combined in array probes in order to increase productivity of

measurement process and improving the performance of probes.
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Abstract- In this paper we develop a system for modeling and measurement of magnetic field
distributions in biological structures caused by the externally applied electromagnetic field. We describe
an effective and versatile approach for three-dimensional reconstruction of the field distributions from
two-dimensional visualization the measured magnetic field data. The finite element model for magnetic
field calculation is built. The magnetic fields of very thin slices of the 3D object are determined and
visualized. Using these 2D images as slices of 3D image and based on the field theory and image
processing techniques we developed a reconstruction approach for 3D visualization of magnetic field.
This approach combines new technologies of 3D visualizations and characterizes with flexibility,
simplicity and portability. The proposed approach was successfully applied for 3D reconstruction and
visualization of magnetic field and current distributions in biological structures. The virtual microscope
is developed for investigations of magnetic field distributions in biological structures during magnetic
stimulation. Anisotropic Magneto-Resistive (AMR) sensors are applied for magnetic field
measurements. AMR sensors are combined in array probes in order to increase productivity of

measurement process and improving the performance of probes.

Index terms: Magnetic field modeling, Finite element method, Image reconstruction, Magnetic field,
Visualization., AMR sensors array, Magnetic field measurement.
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L INTRODUCTION

In many applications such as nondestructive testing, electromagnetic compatibility,
identifications, medical diagnosis and etc., we search for sources or anomalies inside an
inaccessible regions. This problem classically is done by detection, localization and
characterization. The present development of the measurement devices does well in the detection
and localization, but the exact determination of the shape, surface and volume reconstruction of
the object under consideration are still a problem of paramount importance. Determination of the
field distributions from locally measurements outside the source area formulates the inverse
electromagnetic problem. The present visualizing devices, high technology methodologies for
visualization, image processing and data manipulations give possibilities for precise analysis and
solutions of forward and inverse problems in electromagnetics, medicine, architecture etc.
Recently, the field theory and image processing techniques were successfully applied for
visualization of electromagnetic fields as well as to several inverse electromagnetic problems [1-
3].

In this paper we develop a system for modeling and measurement of magnetic field distribution
in biological structures caused by the externally applied electromagnetic field. We propose an
approach for 3D field reconstruction visualizing the measured data of 2D magnetic field
distributions. The finite element method (FEM) is applied for determination of magnetic field
distribution in very thin slices of human leg exposed to externally applied time varying magnetic
field. The images obtained by visualizing the magnetic field distributions are considered as slices
of 3D image. Based on the field theory and image processing techniques, we built 3D
reconstruction approach for 3D visualization of magnetic field. The proposed approach was
successfully applied for 3D reconstruction and visualization of magnetic field and current
distributions. This approach suggests a possibility for 3D visualization of magnetic field with
complex structure and characteristics.

During modeling, simulation and measurements usually very large multidimensional datasets are
generated and utilized. In order to facilitate the analysis of the phenomena, processes as well as
magnetic field distribution in biological structures during magnetic stimulation the virtual

biomagnetic microscope is developed.
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The Anisotropic Magneto-Resistive (AMR) sensors are applied for magnetic field measurements
[15-21]. AMR sensors are based on anisotropic magnetoresistance effect: the resistivity of
ferromagnetic alloys measured in a direction parallel to the magnetization of permalloy film is
slightly higher than the resistivity measured perpendicular to the magnetization. The main
advantages of AMR sensors compared to Hall sensors are:

o high sensitivity;

. higher accuracy;

o no piezo effect;

. higher operational temperatures.

AMR sensors are combined in array probes in order to increase productivity of measurement
process and improving the performance of probes applied for magnetic field measurements in
space around coils. The AMR magnetic sensors and sensor arrays offer improvements in speed
and resolution in eddy-current testing and bio-magnetic imaging. Arrays of AMR magnetic
sensors allow rapid scanning of an area of interest in a single pass. The small size and low power
consumption of these solid-state magnetic sensors enable the fabrication of compact arrays of

sensors on circuit boards and even on-chip sensor arrays.
I1. MAGNETIC FIELD IN HUMAN BODY

The externally applied time-varying magnetic fields are widely used in medicine, especially for
diagnosis and therapy. A wide range of frequencies and magnetic field intensities are employed,
and various requirements are associated with these applications [4-8]. Applying magnetic field to
human body results in current flow and electrical field induced in non-homogeneous and
anisotropic biological structures. Magnetic stimulation has become an important powerful tool in
neurophysiology. In magnetic stimulation, short and very intensive current pulses are supplied to
the coil in order to produce a fast rising, strong magnetic field and to stimulate nerve fibbers in
the cerebral cortex or in peripheral nerves [9-13]. Faraday’s law expresses the electric field E

induced in the tissue during externally applied time varying magnetic field .

oB
VxE=—— 1
p (1

where B is the magnetic field produced by magnetic stimulation coil with current | and
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determined by the Biot-Savart law

di(r'yx(r-r'
B:ﬂm)IL})’ (2)
4 s |r - r'|
where 4, is the permeability of free space.
The electric field is expressed by magnetic vector potential A and electric potential V as
E= _OA_ VV. 3)
ot

The magnetic field distribution changes according to respective configuration of electromagnetic
systems used to excite the magnetic field in human body.

Development of computation model of magnetic field distributions that take into account all
properties and characteristics of the biological structures are extremely important in order to
realize effective medical diagnosis and therapy. The numerical methods, e.g. finite element
method and boundary element method, are powerful tools to investigate the electric and magnetic
field distribution produced by electromagnetic devices. Numerical techniques are capable of

analysis of various heterogeneous structures of biological bodies exposed to magnetic fields.

1.  MAGNETIC STIMULATION OF HUMAN BODY

The human leg has been exposed to magnetic field excited by coil. The cross-section of the
human anatomical leg regions under consideration is shown in Fig. 1(a). The images of the slices
with distance 1 cm between them are presented in Fig. 2. A three-dimentional stacked image

model in Fig. 1(b) is created from the 2-D slices shown in Fig.2.

(a) (b)

Figure 1. Cross section of human leg.
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(b) (d)

€y (h) (1)

Figure 2. Leg slices at distance 1 cm.

The external magnetic field is excited by standard planar construction of single circular coil for
magnetic stimulation with inner diameter - 0.044m and outside diameter - 0.087m. The coil is
wound of 9 concentric turns of rectangular copper wire. The magnetic stimulation circular coil is

shown in Fig. 3(a). The magnetic field distribution produced by the coil is shown in Fig. 3b.
IV.  FINITE ELEMENT MODEL

Three-dimensional finite element model for magnetic field calculations in biological structures is

built and applied to the each slice of the human legs shown in Fig. 2.

(a) S

Figure 3. Magnetic stimulation coil and field distribution
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Figure 4. Finite element model areas

Table 1 Tissue properties and model areas

Tissue | Areas Conductivity
o, S/m
Blood 1,9,11 7.00 e-01
Bone 5 2.03 e-02
Bone 26 8.51 e-01
marrow
Fat 24 2.34 e-02
Muscle |2,4,7,8,10,12,15,16,17,18,19 | 3.34 e-01
Nerve 5 3.20 e-01
White 6 6.55 e-02
matter
Skin 25 2.01 e-02
dermis

The leg slices are with diameter of 20 cm approximately and length of 1 cm. The slice images are
traced and the corresponding areas and volumes for application of FEM are created as shown in
Fig. 4. The tissue properties used in the FEM model are listed in Table 1. The medium is

accepted to be magnetically homogeneous, with relative magnetic permeability g, = 1, .
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(2) (h) (@)

Figure 5. Magnetic field distributions

Figure 6. Current distributions

Firstly, the open boundary problem is solved determining the magnetic field distribution of the
magnetic stimulation coil for given frequency. As a result, values of the three components of
magnetic vector-potential A — Ay, Ay, and A,, at the boundary of the slice under consideration are
determined. The relative magnetic homogeneity of biostructures with magnetic permeability

U=, gives possibility the magnetic vector potential to be determined by expressions
uoed
A=+ j “dv. (4)
Aryr

The components of magnetic vector potential could be considered as independent from the field
induced in interior of the region under consideration. This is possible because of the relatively
low value of specific conductivity of the biostructures as well as low values of the eddy currents.

Secondly, the values of the magnetic vector potential over the slice boundary are imposed as

boundary conditions solving the internal Dirichlet boundary problem. As a result the magnetic
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field distribution is determined in the slice. Using the developed FEM model the magnetic field
was calculated and visualized for each slice of the human leg during magnetic stimulation. The
field distribution is investigated at different values of coil current and frequencies. The results
presented are for the peak value of the current 1kA with frequency 10 kHz. The magnetic field
distributions are visualized and presented in Fig. 5. Figure 6 shows the current distributions

caused by the induced voltage.

V. 3D RECONSTRUCTION OF MAGNETIC FIELD

A 3D volume of data for visualization of magnetic field was created from the 2D slices of locally
determined and visualized magnetic field distribution at parallel surfaces by transforming each
pixel in the 2D slice to its corresponding 3D location using the position, orientation and Green’s
function. If the 2D slices are arbitrary oriented and positioned in space, some of the voxels in the
volume data set are not assigned intensity values. These voxels were identified and assigned an
intensity value based on the weighted average of its neighboring voxels. Consequently resembled

3D magnetic field data set is visualized.

(a) Upper part (b) Lower part

Figure 7. 3D reconstruction of magnetic field distributions
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(a) Upper part (b) Lower part
Figure 8. 3D reconstruction of current distributions

Combining the 2D magnetic fields shown in Fig. 5 does the 3D reconstruction and visualization
of magnetic field. The 3D magnetic field of the human leg under consideration is shown in Fig. 7.
Fig. 8 shows the 3D reconstructed current distributions. Thus, using the 2D magnetic field and

current distributions the 3D reconstruction is realized.
VI VIRTUAL BIOMAGNETIC MICROSCOPE

The virtual biomagnetic microscope has been design and implemented for analysis of
biomagnetic field distributions [14]. The system store and processes the extremely large
quantities of data required to represent a collection of slides as well as provides an access to
archived digital slide images. The virtual biomagnetic microscopy is capable to explore the most
important characteristics of fields and regions of interest as concentration and localization, zoom,
focus-in-depth of magnetic field, etc. The Virtual Microscope is a client-server system designed
to provide a realistic digital emulation of a high power light microscope. The architecture of the

developed virtual microscope is shown in Fig. 9.
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Figure 9 Basic architecture of the virtual microscope

The 3D virtual microscope interface shown in Fig. 11 consists of 3D anatomy display window,

the 3D field distribution window and control window. The 3D biological display window shows

the 3D reconstruction of the available biological slices of the object under consideration. The 3D

Field Distribution window shows the 3D field distribution of the object obtained by

reconstruction of 2D field distribution presented by 2D virtual biomagnetic microscope interface

shown in Fig. 10.
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Figure. 10. 2D Virtual microscope interface
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VII.  ARRAY SENSOR SYSTEM FOR MAGNETIC FIELD MEASUREMENT

For measurement of magnetic field in biological structures we developed measurement system
using Anisotropic Magneto-Resistive (AMR) sensors. AMR sensors are based on anisotropic
magnetoresistance effect. AMR sensors are combined in array probes in order to increase
productivity of measurement process and improving the performance of probes applied for
magnetic field measurements. Arrays of very small magnetic sensors can be used to detect very
small magnetic fields with very high spatial resolution. Sensor array design depends largely upon
the specific application. Arrays can include two- and three-axis sensors to measure vector fields.
They are configured as extended one-dimensional arrays to survey a wide area in a single pass.
Two-dimensional arrays of sensors can be left in place to survey an area without moving the
array. The design of a two-dimensional array with 9 sensors is shown in Fig.12. Each sensor is a
Wheatstone bridge. The bridges are connected in parallel with a common supply and ground. An
example of a two-dimensional array of seven sensors is shown in Fig.13. This array can assure
direct magnetic field image as well as field gradient in XZ plane. The total width of both arrays is

16 mm and the length is 22 mm. They are detecting the vertical component (Y) of the magnetic
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field. Design of a two-dimensional array with 8 sensors is shown in Fig.14. This type of sensor
can assure simultaneously information of two components of magnetic field flux density
components (X-Y).

Several types for sensor signal pick up circuit systems are considered in Fig. 15-17.

8

== === R =
ity B T s B vl el |

Fig.12. 3x3-element square array.

8

Fig.13. 7-element hexagonal array.

First array circuit in Fig.14 is based on National Instruments USB-6008 data acquisition device.
Voltage range of USB-6008 is 10V at resolution 14,7mV with accuracy +(1,7%)[20]. Limitation
of this circuit is the number of analog input channels of data acquisition device.

Second array circuit in Fig.15 uses multiplexing IC controlled by a signal generator. Pick-up
voltage signal is measured with Protek-506 Digital multimeter with voltage range 400mV at

resolution 0,1mV with accuracy +(1,5%) [21].
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Fig.15. Signal pick-up circuit with USB-6008.

USB-6008 is directly connected to the PC and LabVIEW. Virtual instrument is created for signal
processing and storage. Protek-506 uses RS-232 interface for data collection. [21]

Third array circuit in Fig.17 is a combination of both previously considered systems. It is uses
multiplexing IC controlled by a signal generator and USB-6008 DAQ devise. Multiplexor IC unit
controls the portions of data to USB-6008 DAQ devise. Maximal capacity of this circuit with
8ch.(multiplexor IC) x 8ch.(DAQ)=64ch. or 64 sensor elements.
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Multiplexer in Fig. 17 activates eight pick-up AMR sensors at the time. The receiving
configuration may be composed up to 64 sensor elements. Eight channels are activated in eight

acquisition time intervals (or time slots of DAQ) to activate the complete probe in a very short

period of time.
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This multiplexing technique provides a large coverage in a single inspection pass while

maintaining high scanning resolution.

VI. CONCLUSIONS

Computational model using FEM has been developed and used to investigate the electric and
magnetic field distributions in human body produced by externally applied magnetic field. The
model could use the CT images or cross-section images of the human biostructures.

Magnetic field and current distributions are visualized and analyzed. The 3D magnetic field
visualization is realized by the 3D reconstruction approach using images of 2D magnetic field
distribution. The 3D reconstruction approach combines new technologies of 3D visualizations
and characterizes with flexibility, simplicity and portability. The proposed approach was
successfully applied for 3D reconstruction and visualization of magnetic field as well as current
distributions in the human leg exposed to externally applied time varying magnetic field.

The virtual microscope is developed for investigations of magnetic field distribution in biological
structures during magnetic stimulation.

For measurement of magnetic field in biological structures we developed measurement system
using anisotropic magneto-resistive sensors. The system give possibilities to measure weak
magnetic field with high precisison and high spatial resolution.

Significant improvements in the efficacy and device performance used for medical diagnosis and
therapy are expected as a result of a field analysis using numerical methods. In practical aspect
this study can be used to build the effective methodologies for modeling, investigation of the
fields, processes, phenomena in human body and for design of electromagnetic devices for

medical therapy or diagnosis use.
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This paper studies nonlinear phenomenon caused by ferromagnetic materials. To represent nonlinear properties of
ferromagnetic materials used in series ferroresonance circuit, we employ a Chua-type magnetization model composed
of the nonlinear parameters: permeability p, reversible permeability u, and hysteresis parameter s independently
measured from the past magnetization history. By the modified backward Euler method with automatic modification,
a transient analysis of this initial value problem is carried out. As a result, it is clarified that some of the magnetic
energy to be iron loss is recovered from magnetic materials when the ferroresonance phenomenon is occurring. This
energy may be considered as a reason why the series ferroresonance is continuing even if a source voltage is reducing.
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Fault Visualization in Metallic Materials
by Resonance Type ECT Sensor

Takafumi HOSOHARA, Yoshifuru SAITO, and Kiyoshi HORII

ABSTRACT

ECT (eddy current testing) is extensively used to inspect such as elevator, escalator,
and airplane, nuclear electric and power plant without any destructive testing. This
paper proposes a resonance type ECT sensor system which makes it possible to detect the
defect of metallic plate with high reliability. Operating principle of this system is based on
essential nature of parallel resonant electrical circuit. When the primary coil is working
as a sensing part and the secondary coil, i.e. a target metallic material, is magnetically
coupled with the primary coil, the resonant frequency and impedance of the ECT sensor
system greatly depend on the secondary impedance change cased by a defect such as
cracks. By means of this resonance type ECT sensor system, we have visualized the

defects of plane metallic materials as a demonstrative example revealing its usefulness.

Keywords: ECT sensor, Resonance type, Fault visualization
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Love between Genji and Ugly Lady Suetsumuhana

in “The Tale of Genj1”
Mayumi INAMI, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT
The movements of the feelings of love in Suestumuhana (The Safflower) of The tale of Genji,
were examined by the discrete wavelets multi-resolution analysis. The aspects for analysis has
employed following three elements of Genji: “Obsession” is the interesting and expectation of
Genji to Suetsumuhana, “Disappointment” is the broken feelings of expectation and
“Acceptance” is his feeling of acceptance with sympathy in spite of her ugly features and awkward
manner.
As a result, it is verified that “Obsession” and "Disappointment" have gradually been
emphasized showing the opposite shakes and “Acceptance” has the same tendency with

“Disappointment" in the latter half. Furthermore, it has been suggested that “Obsession” of

Genji would be expanding for future.

Keywords: Obsession, Disappointment, Acceptance, Multi-Resolution Analysis, Wavelet

Transform
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Fig.1 Leve3 of the discrete wavelets multi-resolution
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Magnetization Characteristics of Ferromagnetic Materials by Visualizing

The Dynamic Magnetic Wall Movements

Takashi ISHII, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

The Bitter method is most commonly observing way of the magnetic domains even
though it is limited to the surface observation of specimen. To observe the magnetic
domains by Bitter method, magnetic liquid is put on the target magnetic material surface
after electrical field polishing processes. Applying magnetic field to this magnetic material
covered by magnetic fluid makes it possible to observe the magnetic domain dynamics by
a microscope.

We have previously reported that local magnetization characteristics could be obtained
from the visualized magnetic domain dynamics.

Final purpose of our research on visualized magnetic domain dynamics is to work out a
fully automatic quality control system for the thin magnetic materials by visualizing the
magnetic domain dynamics.

In this paper, we try to visualize the magnetic wall dynamics of ferromagnetic
materials when superposing the direct current magnetic fields to the alternating current

HZ(AAEAXTRT)

magnetic field excitation, i.e. anhysteretic magnetizing condition.

Keywords: Ferromagnetic materials, Magnetic wall dynamics, Visualization.
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Feature Extraction and Visualization
of 1D Time Domain Signal

Satoshi NOJIMA, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

Ferromagnetic materials, i.e., iron steel and its composites, are widely used as the
frame parts of various artificial products and constructions such as a building, bridge
and so on. Because of its mechanical property, iron steel is most popular in use for the
frame materials to maintain their mechanical strength. On the other side, nondestructive
testing of iron steel is an extremely important way in order to keep their mechanical
reliability.

One of the deterministic differences between the ferromagnetic and nonmagnetic
materials 1s that all of the ferromagnetic materials when applying external magnetic
field attracts major magnetic field; and also magnetization process of ferromagnetic
materials always accompanies with the Barkhausen effect. The Barkhausen effect is a
phenomenon caused by movement of the magnetic domains.

In order to carry out the nondestructive inspection of the iron structure, this paper
proposes a signal cognition methodology by means of the fluctuation frequency analysis
to the Barkhausen signals. Some initial examples of our method demonstrate one of the
potentials of our method.

Keywords: Barkhausen phenomenon, 1/f Fluctuation, Signal cognition
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Manyoh-, Soh- and Hira-Kana Style Analysis by Visualizing 1/f Fluctuation
Tsukasa OKADA ,Yoshifuru SAITO and Kiyoshi HORI|I

ABSTRACT

The hirakana style had been innovated at Heian period and hardly modified until now. Also,
hirakana made it possible express the Japanese poem distinctly different from China one. In such
meaning, hirakana is one of the distinguished Japanese literature expressions in order to develop
an original Japanese culture.
This paper concerns with a character style analysis based on the 1/f fluctuation frequency
characteristics. At first, we apply two-dimensional Fourier transform to each of the original
Chinese- and katakana- characters. According to the space harmonics difference, the character is
divided into global to precise images composing an animation. Apply Fourier analysis to frame
axis of this animation makes it possible to 1/f fluctuation frequency analysis.
As a result, it is clarified that 1/f fluctuation analysis suggests how the hirakana has been
accepted in Japanese culture, and developed the original Japanese culture.
Keywords: 1/f fluctuation frequency, visualization, kana style
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Extraction of 1/f fluctuation frequency components from music

And Its Application to human physiology
Keiko SUGAI, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

Most of the engineering products have to equip the well designed human interface.

In order to enhance the human interface ultimately, it is essential to take the human
physiological effects into account. This means that most of the engineering product design has to
consider the human sensing feelings as well as physiological effects into account.

This paper concerns with the extraction of 1/f fluctuation frequency components from music and
its application to the human psychophysiology.

Fourier analysis is applied to the music in order to extract the 1/f fluctuation frequency
characteristics. According to the Fourier analysis, music is classified into two major categories:
rich 1/f fluctuation or not. Electroencephalograph analysis to the objects hearing the music
composed of the 1/f fluctuation components reveals the human physiological effects.

Keywords: 1/f fluctuation frequency, human physiology, Electroencephalograph analysis
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Visualization of Magnetic Fields
Around Contactless Power Supplier
Shogo TAKADA, Yoshifuru SAITO and Kiyoshi HORII
ABSTRACT

All of the modern electrical devices are composed of two major parts: one is the electrical
signal processing part, and the other is the power supplier. Recent electrical devices are
spreading in use not only the conventional consumer electronics products but also electrical
vehicles. A reason why electrical vehicles should be developed is simply the antipollution of
earth atmosphere, i.e., the electrical motors employed instead of combustion type engines. The
electrical vehicles require a battery system which should be charged up by an external power
source. This means that a contactless power supplier is extensively convenient to practical use
for battery charging of the electrical vehicles.

Contactless power supplier is composed of a transformer having the distinct primal and
secondary coils separated by air gap. Because of the electromagnetic compatibility problem, it
is essential to keep the leakage magnetic fields around the contactless power supplier as low as
possible.

As a first step of the contactless power supplier developments, this paper visualizes the
magnetic field distributions around the transformer having the distinct primal and secondary
coils separated by air gap.

Keywords: Magnetic field visualization, Contactless Power Supplier, Electromagnetic
Compatibility (EMC)
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Wavelets Analysis of the Magnet Field Distributions
around Contact-less Power Supplier

Shogo TAKADA and Yoshifuru SAITO

ABSTRACT

All of the modern electrical devices are composed of two major parts: one is the electrical signal
processing part, and the other is the power supplier. Recent electrical devices are spreading in use not
only the conventional consumer electronics products but also electrical vehicles. A reason why
electrical vehicles should be developed is simply the antipollution of earth atmosphere, i.e., the
electrical motors employed instead of combustion type engines. The electrical vehicles require a
battery system which should be charge up by an external power source. This means that a contactless
power supplier is extensively convenient to practical use for battery charging of the electrical vehicles.

Contactless power supplier is composed of a transformer having the distinct primal and secondary
coils separated by air gap. Because of the electromagnetic compatibility problem, it is essential to keep
the leakage magnetic fields around the contactless power supplier as low as possible.

This paper carries out the wavelets multi-resolution analysis to the magnetic field distributions
around the transformer having the distinct primal and secondary coil separated by air gap.

As a result, it is found that the most reasonable core head shape of the transformers has the most
dominant 1st order wavelet spectrum, i.e., the biggest 1st order wavelet spectrum and negligible
higher order wavelets spectra. This means that there is no leakage magnetic field around the
contact-less power supplier.

Keywords : Magnetic field visualization, Contactless power supplier, Wavelets analysis
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Fig.2 2D representation of the magnet field
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distributions.

(a) Gap: 0.8mm
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Fig.3 3D representation of the magnetic field

distributions.
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Fig.7  The recovered Leakage Magnetic Field
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HIRE ECT o HIZ kB EEFRIED—ARILE
AR PEsRT, mEE JREGEEIRFERFERD)
A Method of Defect Visualization in the Metallic Materials

by Resonance Type ECT Sensor
Takafumi HOSOHARA, Yoshifuru SAITO

ABSTRACT

ECT (eddy current testing) is extensively used to inspect such as elevator, escalator, and

airplane, nuclear electric and power plant without any destruction. This paper proposes a method

of resonance type ECT sensor system which makes it possible to detect the defect of metallic plate.

Operating principle of this system is based on the essential nature of parallel resonant electrical

circuit.

When the primary coil is working as a sensing part and the secondary coil, i.e. a target

metallic material, is magnetically coupled with the primary coil, the primary resonance frequency

and impedance of the ECT sensor system greatly depend on the secondary impedance change

caused by a defect such as cracks.

By means of a simple eddy current property, we have tried to visualize the capacitance arisen in

cracks of which the traditional ECT sensor system neglects this capacitance effect.

Even though

more precise experimentally proof is necessarily, we have succeeded in visualizing a crack effect in

the target thin metallic materials.

Keywords : ECT sensor, Resonance type, Defect visualization, Defect capacitance
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Fig. 1 Tested coil and measurements.
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Fig. 2 Tested results.
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Table 1 Various constants of a tested

sensor coil.
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Fig.3 Tested target copper sheet
with rectangular defect.
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Fig.4 Visualized defect of resonance type ECT.
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Table 2 Various constants of a tested

sensor coil.
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Fig. 6 Schematic diagram of experiment.
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Fig. 7 Position versus frequency taking
maximum phase lag.
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Tears of Genji and Fujitsubo in "The Tale of Genj1”
Mayumi INAMI, Yoshifuru SAITO and Kiyoshi HORII

e

ABSTRACT

The expressions “tears” and “cry” and their derivative words in “The Tale of Genji” were
examined by the discrete wavelets multi-resolution analysis. The aspects for analysis has
employed following three elements: “Genji” is hero and the second prince of emperor of Kiritsubo,
“Fujitsubo” is princess of emperor of Kiritsubo, Genji's mother-in-law and mistress, and “Others”
are all characters except Genji and Fujitsubo.

As a result, it has been clarified that Genji's tears have gradually been emphasized in the
situation in which he cannot meet Fujitsubo by her rejection. On the other hand Fujitsubo rarely
cried to conceal the secret with Genji so that her life was carried out as mother of illicit child.
Furthermore, it has been suggested that tears of “Others” take place of " Fujitsubo ". “Fujitsubo”

and “Others” are drawn opposite curves when the beauty of Genji was admired and the sorrow

toward priest of Fujitsubo was expressed.

Keywords: Genji, Fujitsubo, Others, Multi-Resolution Analysis, Wavelet Transform
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Old society and new society in "Hakai1”
Mayumi INAMI, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

The movements of the feelings of people live in old society and modern society in

“Hakail” were examined by the discrete wavelets multi-resolution analysis. The aspects for

analysis has employed following three elements, which are three words of synonym that means

the world where people are alive: “Seken” means the interpersonal relationship and innumerable

others who surround, “Shakai” is a word of translation into Japanese from society and “Yononaka”

is a vague space to be alive with the relation with innumerable people.

As a result, it is verified that there are reasonable meanings in the selection of the

words in insisting on the standpoint of Characters in each society. Both societies of people have

common recognition about “Seken”. “Shakai” is employed by the supporters of the new society

when they insist on their right and on realization of equal society.

Keywords: Seken, Shakai, Yononaka, Multi-Resolution Analysis, Wavelet Transform
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Fig.1 Level 3 of the discrete wavelets multi-resolution
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Fig.4 Level 4 of the discrete wavelets multi-resolution
analysis: patterns of 3 synonyms of new society.
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Magnetization and 1/f Fluctuation Frequency Characteristics of Ferromagnetic

Materials by Visualizing the Dynamic Magnetic Wall Movements

—Yonezawa 2009—
Takashi ISHII and Yoshifuru SAITO

ABSTRACT

Bitter method is most commonly observing way of the magnetic domains even though it
is limited to the surface of specimen. To observe the magnetic domains by Bitter method, a
drop of magnetic liquid is put on a target magnetic material surface after electrical field
polishing processes. Applying magnetic field to this magnetic material covered by
magnetic fluid makes it possible to observe the magnetic domain dynamics by a
microscope.

We have previously reported that local magnetization characteristics could be obtained
from the visualized magnetic domain dynamics. Final purpose of our research on
visualized magnetic domain dynamics is to work out a fully automatic quality control
system. And also, we plan to deduce some rules governing the magnetic domain dynamics
system from the visualized thin magnetic materials domain dynamics. Present paper, we
try to visualize the magnetic domain wall dynamics of ferromagnetic materials when
applying not only the anhysteretic magnetizing condition but also mechanical stress. We
try to extract 1/f as well as 1/f*fluctuating frequency characteristics from the magnetic

domain wall dynamics, where o is the generalization of 1.

Keywords: Ferromagnetic materials, Magnetic domain wall dynamics, Visualization.
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Fig.3 B-H Loops of the tested magnetic
materials.
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Fig.1 Experimental devices for magnetic
domain wall observation.
Table 1 Various constants used in the

experiments. (a)Soft iron. (b)Silicon steel.
Coil. Turn. Diame_ter of Leng_th of S T A
coil. coil.
Exciting 300[Turnl 11[mm] 20[mm]
coil.
Search | o6 [mypn] 2.5[mm] 15[mm] B
Coil.
(c)Permalloy45%. (d)Nickel.

Fig.4 Flame images of magnetic domain
dynamics under the anhysteretic magnetic

fields.
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Fig.6 Typical fourier power spectrum.
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Fig.7 Extracted 1/f frequency fluctuation.
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Fig.9 Extracted 1/f frequency fluctuation.
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Table2. 1/f frequency fluctuation characteristic.

The stress situation. Extraction rate.
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Min .=-4 Max . =0
HE
(2)0mm.
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Fig 10. Averaged 1/ f“ distributions.
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Relationships between 1 over f fluctuation and YOGA therapy

— Yonezawa 2009 —

Koshiro ISHIMURA, Chieko KATO, Yoshifuru SAITO and Fumiko GOTO
ABSTRACT

The purpose of this paper is to extract the 1/f fluctuation component from a Yoga therapy dynamic
image by a trial subject. Each frame of a color moving image consists of Red, Green and Blue
components. Each of Red, Green and Blue images is represented as mono-color images
independently. We apply Discrete Fourier transform to an arbitrary pixel of their images in time
sequentially. Therefore, obtained Fourier spectrum characteristics are represented in terms of power

series approximation. Consequently, we have succeeded in extracting the 1/f frequency fluctuation

from the Yoga therapy dynamic image.

Keywords : 1/f fluctuation frequency ,
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Frequency Analysis of Time Domain One Dimensional Signals

and Its One Application
Satoshi NOJIMA, Yoshifuru SAITO

ABSTRACT

Ferromagnetic materials, i.e., iron steel and its composites, are widely used as the frame parts of
various artificial products and constructions such as a building, bridge and so on. Because of its
mechanical property, iron steel is most popular in use for the frame materials to maintain their
mechanical strength. On the other side, nondestructive testing of iron steel is an extremely
important way in order to keep their mechanical reliability.

One of the deterministic differences between the ferromagnetic and nonmagnetic materials is that
all of the ferromagnetic materials when applying external magnetic field attracts major magnetic
fields; and also magnetization process of ferromagnetic materials always accompanies with the
Barkhausen effect. The Barkhausen effect is a phenomenon caused by movement of the magnetic
domains accompanying with the discontinuous magnetizations.

In order to carry out the nondestructive testing of iron steels with high reliability, this paper

proposes one of the signal cognition methodologies based on the fluctuation frequency

characteristics of the Barkhausen signals.

Keywords: Barkhausen phenomenon, 1/f Fluctuation, Signal cognition
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Fig.1 Barkhausen signal generation.
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Fig.2 Typical fourier power spectrum.
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Fig.3 Tested materials.
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Fig.4 U-shaped ferrite core.
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Fig.5 Fourier power spectrum of sample A.
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Fig.6 Fourier power spectrum of sample B.
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Fig.7 Gradient of low frequency ranges

calculated by1st order least squares of silicon
steel sheet A.
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Fig.8 Gradient of low frequency ranges

calculated by1st order least squares of silicon
steel sheet B.
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Fig.9 Gradient of high frequency ranges

calculated by1st order least squares of silicon
steel sheet A.
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Fig.10 Gradient of high frequency ranges

calculated by1st order least squares of silicon
steel sheet B.
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