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Various types of electrical apparatus using magnetic materials
have been developed. Due to nonlinear properties of magnetic
material, e.g., magnetic saturation, hysteresis, eddy current, ctc.;
the electrical apparatus occasionally exhibits complex responses
that can not be anticipatéd and calculated easily. In the design of
modern magnetic devices, prediction of various responses to the
complex input signals is of paramount importance to prevent the
troubles of devices. Nevertheless, any of the deterministic
methodologies has not been yet proposed to do this manly caused
by the complex magnetization behaviors of inductors.

To clarify the regularity of chaotic behaviors in the up-to-date
power magnetic devices, this paper carries out transient analysis in
a parallel ferroresonant circuit exactly taking into account the
magnetic hysteresis, saturation, aftereffects, and frequency
dependence of ferromagnetic material properties. To extract the
system regularity, the characteristic values of the state variable
equations for the ferroresonant circuit are calculated in each step
in the calculation period. It is revealed that the changes of
characteristic values have no hysteretic properties, even though
chaotic phenomenon is exhibiting.

To carry out transient analysis of ferroresonant circuit, we
employ a Chua-type magnetization model representing dynamic
constitutive relation between magnetic field /7 (A/m) and flux

density B (T) as
{H
Y7 ¢ j ............................................ (l)

pelp (i, o
U s\ dt dt
where 4, p, and s denote permeability (H/m), reversible
permeability (H/m), and hysteresis parameter (£2/m), respectively.
A significant feature of these parameters is that they are
determined independently to the past magnetization histories
because of the ideal magnetization curve approach, as pointed out
by Bozorth. The permeability ¢z and the reversible permeability
u, are obtained from the ideal magnetization curve and minor
loops respectively when measuring the ideal magnetization curves.
When B=0, s is determined by.

I (dB  dH
S=— — =i, —
H\ dr dr

where u, takes maximum value and the applied field A
corresponds to coercive force H,. Thus, determination of
parameter s in Eq. (2) requires the measurements of the dB/df and
dH/dt. The validity of this model has been verified by the precise
experiments of magnetization characteristics excepting for
anisotropic materials and permanent magnets of typical materials.
Figure 1 illustrates dV,,/dt versus V,,, exhibiting chaos-like

.

behavior not tracing the same locus while the frequency of the
driving voltage v is fixed at  =7.8 ms. Let us compare the series
and parallel ferroresonant phenomena. At the beginning of
resonance, either output response drastically increases. If the
driving voltage is fixed when the ferroresonant mode is reached,
we have nonlinear oscillation continuously. On Poincare diagrams,
the parallel ferroresonance shakes a7, /dt although the frequency
of driving voltage is fixed. Further, the series ferroresonance has
the same nature of small shaking in the current applied to the
inductor. Since dF,,/dt in parallel circuit is
associated with current, then these phenomena suggest that the
chaos-like flicking is closely related to a condition of input term.

ferroresonant
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This paper studies the nonlinear response of a parallel ferroresonant circuit. To carry out a transient analysis in parallel
ferroresonant circuit, we apply Chua-type magnetization model to an inductance exhibiting saturation and hysteretic nonlinear
properties of ferromagnetic materials, deriving a state variable equation and solutions by the backward Euler method with
automatic modification. The characteristic values of the state transition matrix are calculated in each calculation step of Euler
method in order to extract the chaotic characteristics. As a result, it is clarified that the chaotic behavior in the ferroresonant
circuit is greatly concerned with the magnetic aftereffect of ferromagnetic materials.

Keywords : Chua-type magnetization model, parallel ferroresonant circuit, chaotic phenomena, characteristic values

1. Introduction

Various types of electrical apparatus using magnetic materials
have been developed. Due to nonlinear properties of magnetic
material, e.g., magnetic saturation, hysteresis, eddy current, etc.;
the electrical apparatus occasionally exhibits complex responses
that can not be anticipated and calculated easily. In the design of
modern magnetic devices, prediction of various responses to the
complex input signals is of paramount importance to prevent the
troubles of devices. Nevertheless, any of the deterministic
methodologies has not been yet proposed to do this mainly caused
by the complicated magnetization behaviors of inductors.

To clarify the regularity of chaotic behaviors in the up-to-date
power magnetic devices, this paper carries out transient analysis in
a parallel ferroresonant circuit exactly taking into account the
magnetic hysteresis, saturation, aftereffects, and frequency
dependence of ferromagnetic material properties!’®. To extract
the system regularity, the characteristic values of the state variable
equations for the ferroresonant circuit are calculated in each step
in the calculation period. It is revealed that the changes of
characteristic values have no hysteretic properties, even though
chaotic phenomenon is exhibiting.

2. Parallel Ferroresonant Circuit

21 Chua-type Magnetization Model To carry out
transient analysis of ferroresonant circuit, we employ a Chua-type
magnetization model representing dynamic constitutive relation
between magnetic field A (A/m) and flux density B (T) as
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** Department of Electrical Apparatus, Technical University of Sofia
Kliment Ohridski 8, Sofia 1756 Bulgaria
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1 1(d
e 0
u s\ dt dt
where u, p, and s denote permeability (H/m), reversible
permeability (H/m), and hysteresis parameter ({¥/m),

respectively™™®. Figure 1 shows the measured curves giving these
parameters for ferrite (TDK HSA). A significant feature of these
parameters is that they are determined independently to the past
magnetization histories because of the ideal magnetization curve
approach, as pointed out by Bozorth®. The permeability 4 and
the reversible permeability u, are obtained from the ideal
magnetization curve and minor loops respectively when
measuring the ideal magnetization curves. When B=0, s is
determined by

_ 1 (dB ...................................
" H \ dr
where 4, takes maximum value and the applied field H
corresponds to coercive force H,. Thus, determination of
parameter s in Eq. (2) requires the measurements of the dB/dr and

dH/dt. The validity of this model has been verified by the precise

experiments of magnetization characteristics excepting for
anisotropic materials and permanent magnets of typical
materials" 9,

2.2 Formulation Consider a parallel ferroresonant
circuit shown in Fig. 2. At first, the line integral of Eq. (1) along
with flux path / yields magnetomotive force. Thus, the relation
between the current /; and linkage flux 4 of the inductor is given
by

d 1 /
+

Ni+BeySo L a
UAN SAN dt

EN = A S 3)

Moreover, a relation between the driving voltage source v and
current i; is derived from the consideration of circuit connection
and electromotive force dl/dt
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Fig. 1.  Parameters of Chua-type magnetization model
(Measured: TDK H5A)

1 dA ,
= — |V | e 4
ll ’ ( oul dt J ( )

Second, substituting Eq. (3) into Eq. (4) yields the state
equations
y,NdZ/l_{_N+y,N l }a’/l /

s¢ dr’ ¥ SRZC_SAN

v, _1di ( 11
o +— |V
dt re &t \RC rC

BFWA 128%8%F, 2008 &£

A : cross-sectional area (m2)
Vour : output voltage (V)

! : flux path length (m)

N : number of coil turns

R : resistance (£2)

r : internal resistance (£2)

v : driving voltage (V)

@ : magnetic flux (Wb)

A . linkage flux (Wb) (=N®)
Fig. 2. Parallel ferroresonant circuit

Calculation procedure Start

Read various constants T : Time limit, AT : fundamental time step width,

E :Limit of discrepancy, x(¢) : Initial value

Backward Euler Method

d
—x=ax+b(
’x ax+b(r)

ﬁ_ﬁ =t +(A2) ﬁ

Generation of a and b(#)|Generation of a and b(¢)
with u, #p with g, 4, 8

Calculate x (t

Fig. 3. Flowchart of the calculation with the adaptive step
size control

Finally, the state Eqs. (5) and (6) yield a systm of state variable
equations having 3 x 3 square state transition matrix a

a d/li oo d/q;l 0
dt dt =|a, a, da; E Loy | e (7)
V. 0 a, ay v U
or
d
— X =aXF+ D) e 8
7 (1 (8)

where the elements a,;, an, , Uy and u; in Eq. (7) are
determined by Egs. (5) and (6).

2.3 Backward Euler Method The backward Euler
strategy to numerical solution of Eq. (7) makes it possible to carry
out a transient analysis of ferroresonant circuit. As shown in Fig. 3,
the calculation compares two solutions in each calculation step.
The first one is one step solution with time step-width As (s), and
another is two steps solution with A#2. Evaluating the difference
between them reveals a relevant step-with for each of the
caluculations. Namely, if the difference is greater than a criterion
listed in Table 1, then the same period is recalculated with the
modified time step width Ar=A#2. The iteration with this
modification is carried out untill the criterion is satisfied.

In the iterative calculation, the nonlinear parameters, shown in
Fig. 1, 4 and p, are treated as functions of flux density B and s as a
function of dB/dt ™.

3. Results and Discussion

3.1 Ferroresonant Phenomenon Figure 4 shows the
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Table 1. Parameters for calculation of ferroresonant circuit
u - permeability (H/m) Fig. 1(a)
u,  reversible permeability (H/m) Fig. 1(b)
s - hysteresis parameter ({¥m) Fig. 1(c)
A : cross-sectional area (m2) 480x10°¢
(' : capacitance (F) 1.0x107°
I flux path length (m) 754 %1073
N : number of coil turns 100
R : resistance (Q) 272.0
r : internal resistance (Q2) 04
¢ : limit of discrepancy 1.0=107°

calculated result of Eq. (7) employing the parameters in listed
Table 1. As demonstrated in Fig. 4 (b), the experimentally
obtained output voltage well agrees with calculated one. As shown
in Fig. 5, the frequency of the driving voltage v in Fig. 4 (a) is
decreased from 3.0 to 1.441 kHz until time ¢ =7.8 ms in order to
observe its ferroresonant process. Around this moment, the output
voltage 7V, drastically exhibiting the typical
ferroresonant phenomena.

3.2 Chaotic Behavior Figure 6 illustrates dV,,/dt
versus V,,, obtained from Fig. 4 (b), exhibiting chaos-like
behavior not tracing the same locus while the frequency of the
driving voltage v is fixed at # =7.8 ms. Let us compare the series
and parallel ferroresonant phenomena’”. At the beginning of
resonance, either output response drastically increases. If the
driving voltage is fixed when the ferroresonant mode is reached,
we have nonlinear oscillation continuously. On Poincare diagrams,

increases,
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the parallel ferroresonance shakes dV,,/dt although the frequency
of driving voltage is fixed. Further, the series ferroresonance
reported in Ref. (11) has the same nature of small shaking in the
current applied to the inductor. Since dV,./dt in parallel
ferroresonant circuit is associated with current, then these
phenomena suggest that the chaos-like flicking is closely related
to a condition of input term of Eq. (7) or Eq. (8).

3.3 System Regularity To consider the state of
ferroresonant system in detail, we calculate the characteristic
values of the state transition matrix a in Eq. (7) in each of the
calculation steps. The characteristic value analysis could be
applied to only the linear system. So that we essentially assume
this nonlinear system to be a piecewise linear system in each of
the calculation steps for solving Eq. (7).

Figure 6 shows the loci of characteristic values derived from the
state transition matrix a in Eq. (7) assuming a to be linear in each
calculation step. Since a is 3x3 square matrix, we have three
characteristic values. Fig.7 shows time versus characteristic values,
presenting that these are tracing on the regular loci. Meanwhile,
the output voltage locus exhibits a chaotic flicking. One of the
causes of this chaotic flicking is an equivalent coercive force
H.=(u,/s)dH/dr in the Chua type magnetization model (1). This
instanteneously leads to the positive real part of the characteristic
values as shown in Fig.7 (b).

Thus, this is the cause of the instable chaos-like flicking. The
characteristic values at the other timing are all on the left half
plane on a complex coordinate system.

Let us consider the characteristic values by decomposed into the
real and imaginary parts. Figs. 7 (b)-(d) express the characteristic
values given as pure real number, complex number in real part,
and complex number in imaginary part, respectively. Since the
complex number characteristic values are always given as

IEEJ Trans. FM, Vol.128, No.8, 2008
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complex conjugate pairs, then we omit one of them. The real parts
in Figs. 7 (b) and (c)'regularly oscillate with changes of amplitude
after the resonance starts, affecting nonlinear output response in
V. when resonance occurring. The imaginary part in Fig. 7 (d)
oscillates in nearly constant amplitude and drastically increases
after the rouse of resonance. This gives that the state of resonance
depends on the imaginary parts. Observing the characteristic
values makes it possible to predict the ferroresonant phenomena.

. 4. Conclutions

In this paper, we have derived the state variable equations of the
parallel ferroresonance circuit employing the Chua-type
magnetization model, and carried out the transient analysis of the
parallel ferroresonant circuit. The characteristic value analysis of
the state transition matrices obtained in every calculation step of
Euler method has elucidated that the cause of chaotic flicking is an
equivalent coercive force H,..=(u,/s)dH/dL.

As described above, it is revealed that our approach employing
the Chua-type magnetization model clarifies the precise processes
of the parallel ferroresonance phenomenon.
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Innovative idea underlying modern active magnetic scnsors,
such as magnetic resistance (MR), flux pate (FG),
impedance (MI), etc.. have been changing scenes of industry, as
well as medical services. Satisfactory sensitivity and resolution for
low field have been realized af room temperature. It is possible to

magncto-

get fine information on magnetic fields under the cheap
measurement cnvironment while elaborate methods of signal
processing are essentially required because of active sensing. On
the other hand, personal computers in recent years with high-speed
data acquisition interfaces bring real time obscrvation and
calculation, taking advantage of image and signal cognition
technologies. Therefore. a database system approach may give onc
ol the effective solutions to treat complicated signals duc to
magnetization and to rellect skilltul experts’ experiences. This
inspires us to develop a smart magnetic scnsing system.

The present paper reports our developed magnetic scnsing
system in order to provide a smart magnetic sensing function. Our
method is composed of three major steps; the first is an active
magnetic sensor detecting metallic objects ([Fig. 1): the second is
proposed as a method of visualization converting from sensor
input and output (1/0) signals to image data; the last one is an
image cognition methodology using the imaged sensor signals. We
apply our system to identify metallic cans commonly utilized for
canned drinks. As a result, it is found that our magnetic scnsor
signals processing ascertain the metallic material propertics as
well as their physical dimensions.

Concrete cxampe is as follows. Figure 2 illustrates the 3-D
Lissajous diagrams proposed in this paper for the 2 cans when
locating at one of the pickup coils.The period to draw the
diagrams is 0.1 s. In Fig. 2, the image size is 64=64 pixels and the
dynamic ranges in x- (output) and y- (input) axes are about 4.0
and £23.0 V, respectively.

We prepared several aluminum and steel cans with difterent
shapes for experiments. It is obvious that the diameter of cans
relates o the width of diagrams since it turns out interaction, i.e.,

Difterentially
connected
pickup coil\\

Test object . .
~ Iixetting coil

Fig. 1. Schematic diagram of the differential coil sensor

system cmployed in this paper

_8_

(a) (b)
I'ig. 2. 3-D Lissajous diagrams of the cans in Fig. 4 (40011z,
64x64 pixels)

Cemtiacarrn A Tertficiens

Llewere Yo Dlemere  ¥o

(a) (G}
Fig. 3. Elements in solution vector U as the identified results

mutual inductance and cddy currents, between the test objeet and
coils. In cases of the steel cans, the distorted diagrams due to
magnetization characteristics are obtained. The histograms ol stcel
cans are somewhat averaged because the high frequency
components in output signal reduce the low {requency information
in output voltage waveforms.

Let us identify the cans by means of the 3-D Lissajous diagrams
shown in Fig. 2. We have 4 aluminum and 5 steel cans for
constructing the database matrix C. In this case, the dimension of
matrix m=n becomes (64>64)x9. We apply the least squares to
solve a system of equations V=CU having the column-wise
system matrix C. In this sysem of equations, V.U and C are the
input vector with order 9, solution vector with order 64x64 and
system matrix with order (64x64) by 9, respectively. The 3-D
[Lissajous diagram data of Iigs. 2 (a) and (b) corresponds to one of
the column matrices composing database matrix C, and also an
input vector V. respectively.

Figure 3 shows the solution vectors U when the diagrams in Fig,
2 arc used as the input vectors V of the system of equations. The
elements taking the maximum value in the solution vectors reveal
the cognized cans.

Thus, we have succeeded in identifying the prepared 9 cans by
our smart magnetic sensor systcm,
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This paper proposes a method of 3-D Lissajous diagram for signal processing of a differential coil type magnetic sensor.
Overlapping several Lissajous diagrams between the sensor input and output signals yields a three-dimension or grayscale image
whose height or tone reveals a number of overlapped points. This conversion from the time-domain sensor signals to an image
provides the differences in frequency, amplitude, phase, distortion, etc. Employing image cognition methodology to this
three-dimension image makes it possible to identify each of the signals stored in a database. We demonstrate the renmarkable

cognition results by our magnetc sensor signals processing strategy.

Keywaords : magnetic sensor, signal processing, 3D Lissajous diagram, least squares method

1. Introduction

Innovative idea underlying modern active magnetic sensors,
such as magnetic resistance (MR), flux gate (FG), magneto-
impedance (MI), etc., have been changing scenes of industry, as
well as medical (D@ Satisfactory sensitivity and
resolution for low field have been realized at room temperature. It
is possible to get fine information on magnetic fields under the
cheap measurement environment while elaborate methods of
signal processing are essentially required because of active
sensing. On the other hand, personal computers in recent years
with high-speed data acquisition interfaces bring real time
observation and calculation®, taking advantage of image and
signal cognition technologies. Therefore, a database system
approach may give one of the effective solutions to treat
complicated signals due to magnetization and to reflect skillful

experts’ experiences. This inspires us to develop a smart magnetic
#)

services

sensing system
The present paper reports our developed magnetic sensing
system in order to provide a smart magnetic sensor function. Our
method is composed of three major steps; the first is sensing the
metallic materials with a magnetic sensor (Fig. 1); the second is
visualization converting from sensor input and output (I/O) signals
to image data; the last one is an image cognition using the
visualized sensor signals®. We apply our system to identify
metallic cans commonly utilized for canned drinks. As a result, it
is found that our magnetic sensor signals processing ascertain the
metallic material properties as well as their physical dimensions.

2. 3-D Lissajous Method and Cognition System

2.1 Differential Coil Sensor Figure 1 shows a

* Graduate School of Hosei University
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le-

»

Differentially
connected
pickup coil\s\

T
S

Schematic diagram of the differential coil sensor

B

Test object
Exciting coil
Fig. 1.
system employed in this paper

schematic diagram of the active magnetic sensor employed in this
paper. It consists of an exciting coil and a couple of pickup coils
differentially connected. The coils are all arranged along with the
common axis and a test metallic object passes their inside. When
alternating current is applied to the exciting coil and the metallic
object locates at any position except the center of exciting coil on
the axial line, the difference in linkage flux between the left- and
right-sided pickup coils yields a sensor signal. It must be noted
that observing both input and output signals, i.e. input voltage of
the exciting coil and output voltage of differentially connected
pickup coils in Fig.1, is of paramount importance to evaluate the
test objects precisely.

2.2 3-D Lissajous Diagram The conventional Lissajous
diagram simultaneously displays I/O signals on a 2-D plane,
representing differences in frequency, amplitude, and phase. In
case of contactless magnetic sensor systems, we confront to the
serious problems, e.g. signal deflection and distortion due to the
targets moving, magnetic hysteresis, and so on. To address this
difficulty, we propose a method of 3-D Lissajous diagram. It is a
histogram of Lissajous diagrams observed within a regular period.
Figure 2, for instance, shows a 3-D Lissajous diagram constructed
by input voltage impressed at the exciting coil terminals and
output voltage measured at the terminal of differentially connected
pickup coils shown in Fig.1. More concretely, let us consider a
metallic can identification problem. When some of a metallic can
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(a) 3-D Lissajous diagram (400Hz 64x64 pixels)
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(c) Output voltage as y-axis data

Fig. 2. 3-D Lissajous diagram of the sensor system in Fig.1

is inserted as a test object shown in Fig.1, it is possible to obtain
an output voltage signal from the differentially connected pickup
coils while an input voltage is impressed to at an exciting coil.
Typical examples of input and output voltages are shown in Figs.
2 (b) and (c), respectively. Therefore, the metallic can
identification problem is reduced into one of the magnetic sensor
signal cognition problems.

Thus, the data x- and y- axes composing a 3-D Lissajous
diagram respectively correspond to the values of input (Fig.2 (b))
and output (Fig.2 (c)) signals so that the time is the intervening
parameter. Overlapping loci of conventional Lissajous diagram are
taken into account as histograms, i.e. counting the rate of
overlapping, in the direction of z-axis. This means that the values
in x-, y- and z-axes of 3D Lissajous are corresponding to the input
voltage at the exciting coil terminals, output voltage obtained at
the terminals of differentially connected pickup coils, and the rate
of x-y position overlapping. Since this idea contains the
information of the time, then it is possible to treat both steady and
transient states as grayscale tone image data. Although a linear I/O
condition like demonstrated in Fig. 2 is a simple case, the I/O data
changing rates can be reflected in the histograms.

2.3 Least Squares To realize the smart magnetic
sensing system, we have studied an image cognition methodology
using image pixel distribution for the 3-D Lissajous diagrams™®
Solving a system of equations in Eq. (1) identifies and evaluates
the test objects from magnetic sensor responses.
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V=C1U,
U=[ul u, . u, T, .................................................. (D
c=[¢, ¢, . )

For the vector expression of the 3-D Lissajous diagram shown
in Fig.2 (a), i.e.,, V and C, i=1,2,..., n in Eq. (1), assume the 3-D
Lissajous diagram as a 2-D digital image G consisting of kx/
pixels,

G=g(,)),

where g(i, ) refers to the pixel value at the position (i, j). After
that the data set of image is rearranged to a 1-D data set as
expressed by,

vV =lgLD....g 1) g (2D,

i=12,. k=121,

g,200,...., g kD, gv(k,l)]T, ................... 3)
V =[gWLl),.,g07),g2.D),..,
g(2D....., gk, D,..., g,(k,l)]T, ..................... (4)

where the superscript T refers to transpose of matrix/vector.

The image size kx/ in Eqgs. (2),(4) is associated with the voltage
resolution and the number of unknowns m. As a matter of reality,
the number of pixels is much greater than that of the stored 3-D
Lissajous diagrams. The solution, therefore, is obtained by means
of least squares®

u=(c’c)’

Thus in Eq. (1), V represents the 3-D Lissajous diagram
corresponding to the information on test object as an input vector
with order m; U expresses an identified result as a solution vector
with order n; moreover C is a mxn rectangular coefficient matrix
storing n 3-D Lissajous diagrams as database. When V is identical
to the i-th column vector C, in the matrix C, the i~th element ; in
the solution vector U accordingly takes maximum value. Even
though the database does not have the identical data, the linear
combination the column vector C; , i=I,2,.n, is capable of
extracting similarities between the inputted data and stored
database.

3. Identification of Metallic Cans by Means of 3-D
Lissajous Diagrams
3.1 Experimental Setup Let us consider a metallic can

identification problem to demonstrate the smartness of our
magnetic sensor system. Figure 3 shows a differential coil sensor
described in Section 2.1. Both exciting and differentially
connected pickup coils are assembled in a coaxial way as shown
in Fig.1. Table 1 lists the specification of the tested sensor. The
metallic cans to be identified are shown in Fig. 4.

3.2 3-D Lissajous Diagram Figure 5 illustrates the 3-D
Lissajous diagrams for the 9 cans shown in Fig. 4 when locating at
one of the pickup coils. The input voltage of exciting coil is the
same as Fig. 2 (c). We measured the input and output signals with
0.1s duration to draw the diagrams. The frequency of the exciting
coil is determined by the several previous experimental studied to
obtain the reasonable sensibility™®.

In Fig. 5, the image size is 64x64 pixels and the dynamic ranges
in x- (output) and y- (input) axes are about +4.0 and +23.0 V,
respectively. The resolution of diagram depends on the originally

|EEJ Trans. FM, Vol.128, No.8, 2008



Cognition of the Metallic Material Properties

(a) Exciting coil (b) Differentially connected pickup coils

Both coils are assembled in a coaxial way as shown in Fig.1

Fig. 3. Coil elements of the magnetic sensor system
illustrated in Fig.1

Table 1. Specification of a tested sensor shown in Fig.3
Coil Number of turns Diameter (mm)  Length (mm)
Exciting 200 90 115
Pickup 200 80 110

(h)

@)
Fig. 4. Empty cans to be identified; (a)- (d) are aluminum
cans : (e) - (i) are steel cans. (a)- (i) are referred to as Nos.

(8)

1-9, respectively

measured signal precision, i.e. the maximum image resolution is
the maximum resolution of the sensor signals, but reflects on the
size of system matrix C in Eq. (1). Thereby, consideration of the
AD converter resolution (11bit) of the used digital oscilloscope
and computing time has lead to the 64 x64 pixels resolution.

As shown in Fig.4,We prepared 4 aluminum cans and 5 steel
cans with different shape for experiments. In cases of the steel
cans, the diagrams shown in Figs. 5 (e)-(i) take the somewhat
different in shape compared with that of aluminum cans shown in
Figs. 5§ (a)-(d) due to time domain phase difference caused by
magnetization characteristics.

3.3  Cognition Let us identify the cans by means of the
3-D Lissajous diagrams shown in Fig. 5 and the image cognition
methodology described in Section 2-C. We have 4 aluminum and 5
steel cans for constructing the database matrix C in Eq. (1). In this
case, the dimension of matrix mxn becomes (64x64)x9. Therefore,
we apply the least squares in (5) to solve (1) having the

BEWA 128%85, 2008 &
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()

M
3-D Lissajous diagrams of the cans in Fig. 4 (400Hz,

®
Fig. 5.
64%64 pixels) : (a)- (i) correspond to the diagrams when the
cans shown in Figs. 4(a)-(i) are inserted into the sensor,
respectively

column-wise system matrix C. The 3-D Lissajous diagram data of
Figs. 4 (a)-(i) corresponds to each of the database matrix C as its
column vectors C,-C,, respectively.

Figure 6 shows the solution vectors when each of the input
vectors V in Eq. (1) is derived from the 3-D Lissajous diagrams
independently measued to the column vectors C,,-Cy in system
matrix C. As a result, this has lead that any of the solution vectors
U are composed of the non-zero elements shown in Fig.6. Hence,
it has been assumed that the elements taking the maximum value
in the solution vectors reveals the cognized cans. Thus, we have
succeeded in identifying the prepared 9 cans by our smart
magnetic sensor system.

4. Conclusion

We have proposed one of the smart magnetic sensor systems,
composed of the magnetic sensor, 3-D Lissajous diagram
visualization, and image cognition engine. The 3-D Lissajous
diagram converts from the sensor 1/O signals to image data and
implicitically contains the time information by histograms as the
overlapped points on the conventional Lissajous diagram. This
makes it possible to utilize image cognition to realize the smart
function enabling us to cognize the distinct metallic materials. One
of the practical applications for identifying metallic cans has
successfully been accomplished by our smart magnetic sensor
system. Many kinds of magnetic sensors, with magnetic materials,
can be treated by our approach for variety of purposes.
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A Study of Electrical Impedance Tomography
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Yoshifuru SAITO (Mem.), Eiichi OTOGAWA (Non-Mem.)

With the developments of modern high-speed computer, X-ray and MRI tomography systems are widely used as
a deterministic tool of medical diagnosis. On the other side, EIT (Electrical Impedance Tomography) is now
developing mainly for industrial use. Fundamental difference between them is that MRI or X-ray tomography needs
not to handle the functional measured data, but EIT is based on the functional nature of the measurable data. Namely,
EIT requires a solution of ill-posed system equations but MRI or X-ray tomography does not require the solution of
such the ill-posed system of equations. Because of the reliability, EIT is not applied to the medical use. Even though
EIT does not give the reliable tomography, United State of America, England and the other countries are still
developing the EIT. In particular, EIT is intensively developed as one of the national projects in China. EIT has several
merits compared with that of MRI and X-ray tomography from a viewpoint of the cost and simple electromechanical
structures. If it is possible to obtain the reliable solution of ill-posed system equations accompanying with EIT, then
EIT may be used not only the industrial use but also medical use. In the present paper, we propose one of the most
reliable solution methodologies accompanying with EIT development.

Keywords: EIT, Inverse Problem, Generalized Sampled Pattern Matching Method
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Fig6 Exact and Evaluated Conductance Distributions
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Figl7 Exact and Evaluated Conductance Distributions
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BERAOFIMRICKL HAIRIEE ZDIEHA
Visualization of Current Distributions by Infrared Imaging and Its Application
IRAMNBRIT & 2 18 B3 AT I 2 -

-Transient Temperature Distribution Measurement by Infrared Imaging-

g W CRAER)ERE JERT (ER)

Goh SUZUKI (Stu.), Yoshifuru SAITO (Mem.)

In order to realize the reliable nondestructive inspection systems, many infrared image sensor systems are
developed and utilized because of their high visual capability. Recently, nuclear electric power plant is increasing its
usefulness not warm up earth atmosphere accompanying with human life activities. We are now developing to
enhance an infrared inspecting system to carry out the condition based maintenance methodology mainly for nuclear
electric power plant use. At first, this paper clarifies a relationship between the pixel value constructing infrared image
and absolute temperature even though automatic gain control function equipped in infrared CCD camera is activating
to get the highest contrast image. Second we demonstrate the absolute temperature visualization when heating the
targets by magnetic induction. This makes it possible to clarify the versatile capability of our scheme for various

condition based maintenance applications.

Keywords: Infrared image, Nondestructive testing, induction heating
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Fig.1

Infrared cup images containing different
temperature water.
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Fig. 4 Thermal Image of two iron plates when
heating by alternating magnetic fields.
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Fig. 7 Exciting coil used for induction heating
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Fig.5 Absolute temperature distribution of two iron
plates when heating by alternating magnetic fields.
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Fig. 10  Six tested metallic plates having different
surface area.
T
2 & E 10 [/ :
Fig. 11 Temperature rise versus surface area of the
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Visualization of Magnetization Characteristics by Cellular Automaton

- Physics of complex systems and Preisach model -
Sou MIYASAKA, Yoshifuru SAITO, Kiyoshi HORII

ABSTRACT

The cellular automaton is being widely used for analyzing complex physical systems
as a deterministic methodology. Although theory of cellar automaton innovated in 1940
by Neumann, German scientist Prisach had worked out the same to the cellar
automaton model to represent the nonlinear magnetization characteristics of
ferromagnetic materials in 1935. In 1984, S. Wolfram pointed out that method of cellar
automaton was a reasonable methodology to represent the complex physical systems but
Preisach had derived as is called Preisach model by cellar automaton for typical
nonlinear complex ferromagnetic physical system.

In this paper, we try to derive the Preisach type, i.e. cellar automaton, model by
visualizing magnetic domain movements by Bitter method.
Keywords: Cellular Automaton, Preisach model, Hysteresis
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Fig.1 Example of Cellar Automaton based on Rule 30.
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Visualization of 1/f Fluctuation
Yoshifuru SAITO, Soh MIYASAKA and Chieko KATO
ABSTRACT

1/f fluctuation analysis of the non-life-bearing, life-bearing and self driven particle
targets is carried out. As a result, it is clarified the followings. State transition, e.g., melting an
ice to water, of all the non-life-bearing targets exhibits 1/f fluctuation frequency characteristics.
Namely, all the non-life-bearing materials exhibit 1/f fluctuations when changing their state
aspect such as solid, liquid and gas. On the other side, 1/f fluctuations can be observed the
creative works, e.g., artistic paints when transitioning mental situation from depression to
mania of life-bearing target, i.e., his or her. In the other words, a life-bearing target typically
human exhibits 1/f fluctuation characteristics via his own creative work when changing his
mental situation.

Keywords: Visualization, 1/f Fluctuation , Healing, Artistic Paint Works

Self-driven particle
30 Cellar Automaton
3)
21
/£
1981 9 IEEE Phase Transition
COMPUMAG N
3 Phase transition
%3
¢ )
2007 /£
Mental
1/t I/t /Psychological transition
1/f
Cellular 1/f
Automaton
1,2)
1984 State transition
S.Wolfram 1/f

1/f



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-006

1/f

1/t Healing
1/f
1/f

1/t

21 1/f
f(t)

f(t)=a, + 3 [a, cos(i2aft)+ b sin(i2zft)]

i=1

=a,+ Y \/a; +b] cos| 27ft —tan™ (%}
i=l i

=a,+ Z C, cos| 2zift —tan™ LEJ )
i1 q

1/t

Fig.1

10°

f

Fig.1 Definition of 1/f Fluctuation

Fig.1 0

-1 1/t R

2.2 1/f
(@) Fig.2
1 30

——

(a) Experimental equipment (b) Infrared Images

Fig.2 Ice Melting by Boiled Water

Fig.2(a) 150cc
30

V""‘-\ :,‘,‘,g
Sl P e s T

02

White : 1/f Frequency

(a) (b)
Ice Melting by Boiled Water
Left: 1/f-fluctuation Frequency,
Right: Frequency Fluctuation Distribution

Fig.3 1/f-fluctuation accompanying ice melting

Fig.2(b)

Fig.3(a) Fig. 2(b)

Fig.3(b)

Fig.3(a)
-1.05 -0.95 1
/ 2
Fig.3(b) /
/ 4

Yellow shows 1/f fluctuation points
Fig.4 1/f fluctuation accompanying gas burning



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-006
(b) Fig.4 oF
1/f
-0l
4)
-0.z
2.3 1/f =
. 0.3 |
(@) Fig.5 %
1 ( R G SR
2]
B) 1 R,GB 0.5t
3 RGB -8 b
o 50 100 150 Z00 250
0 255 8 POCEL VALUE
Fig.6 Blue color component 1/f fluctuation derived from
time sequentially arranged Blue color histograms of the
RGB RGB Paint Works by Vincent van Gogh
RGB
RGB RGB

(5]

Fig.5 Example of Vincent van Gogh ~ s paint work %

when loosing sweetheart. Fig.
1
2.3 1/f
@ Fig.5 Fig.8 Fig.6
! RGB 1 B( )
RGB
RGB 0 255
1/f
R,G,B
Fig.6 -1 B
50 1/f

Fig.7 Example of Vincent van Gogh ~ s paint work
when diseasing mental situation.



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-006

0 50 100 150 200 250
Blue

Fig.8 Blue color component 1/f fluctuation derived from
time sequentially arranged Blue color histograms of the
Paint Works by Vincent van Gogh

RGB

1/f

i
(b) Fig.9

Fig.9

Fig.9 Paint works by a psychotic depression patient.

Fig.9 Figs.6,8
RGB
R( ).G( ).B( )
1/f Fig.10
1/f
1/f

1/f 1rf

HEE {

MY W

: ,lr lll.""‘ﬁil
| A AP |

HiX

EED CIREEH ¢
Arrows show the 1/f fluctuation points
Fig.10 RGB 1/f fluctuation parts derived from paint
works of a patient when recovering psychotic depression

disease.
7
1/f
1/f
24 1/f
(CY

&

Fig.11 Experimental device for magnetic wall observation.

Fig.11
1[Hz]
KEYENCE HD
VH-Z75
VH-5000
Fig.12



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-006

Count
6000

5000

«00on

oo 2000 3000 40on s50m

- Mlagnetic Fields H [Afm]
(@) Magnetic Field vs. number of 1/f fluctuation parts
Fluz Density B

Reversible Magnetization Vector
Rotation

(e) 0.56[s] (f) 0.70[s]
Fig.12 Frame images of magnetic wall. Sample: soft iron.

Trreversible Domain Walls Movement

= F = = = TEeversible Domain Walls Movement

1/t f -0.95 L
Magnetic Field H
-1.05 Fig.13 o . .
. f (b) Typical magnetization curve of ferromagnetic

Fig.13 -0.95 -1.05 1 materials.

0 1/f Fig. 14 Magnetic Field vs. number of 1/f fluctuation

1f parts and typical magnetization curve of
Figs.3.4 ferromagnetic materials.

il L “Yellow shows 1/f fluctuation points
White : 1/f frequency Fig.15 1/f fluctuations occur at the boundaries

Fig.13 Extracted 1/f frequency fluctuation parts in soft iron. between layer and eddy flows.
Fig.13 1/f 9)
1/f Re O 3000
H 15(2) 15(b) 3000
15(a) (b)
1/f 1/f
1/f
1/f H
8)
21
1/f
3 Phase transition 1/f

(b) Fig.15



AR 1EER Vol. 28 Suppl. No.1(2008478)

P01-006
1/f
1/t
1/f
1/t Mental
/Psychological transition
1/f
State
transition 1/t
1) http://soliton.t.u-tokyo.ac.jp

/nishilab/mypapers/rikou].pdf.
2) /< >
, http://takahashi.
math.sci.waseda.ac.jp/works/public/03-Surikagaku-478-35-prepri
nt.pdf.

3

4

5)

6)

7)
8)

9)

http://soliton.t.u-tokyo.ac.jp/nishilab/http://soli
ton.t.u-tokyo.ac.jp/.

1/f

,B108,2005.
vol.23
No.l pp.95-98 2003
) 35
2007 25 ,C213, Vol.27, Suppl. No.1 (2007 7
)pp. 227-228
2007 3
,77 AEM

Vol .15,No.2(2007) pp.195-200

http://mech.meijo-u.ac.jp/prof/furukawa/ zemi

/mj/gazoupagel.htm



%5 51 [B] 3 BhiERE G A T
2008 4F 11 A 22 H, 23 H LB RPETE

s

213

VfPLELEMRICEHTIER

ORI

(EE

IR (GREOR)

Study of 1/f Fluctuation Frequency and Complex System

*Y.Saito, S.Miyasaka and K.Sugai (Hosei University)

Abstract—

Based the Newton mechanics and continuous mathematics, recent engineering sciences have

developed various tools for modern human society such as high speed traffic/transport, high quality consumer
electronics, intelligent housing and enormous information network systems. One of the most effective method-
ologies for next generation of the engineering sciences may be a nonlinear complex system methodology, be-
cause the human is one of the complex systems. This paper describes an extracting method of the 1/f fluctuation

frequencies intrinsically accompanying non-linear physical system operation such as non-life being, life-being

and self-driven particle systems.

Key Words:
1 FANE

21 D4 B E T, NFHORFEHEMIX, ELLT=
2— Nl TR A R AR & LT, RO THI;
Kﬁé%<®i%@ﬂ%%ﬁﬁbk.% . 20k

IZBHE SAIVBERI I R e R T e a B 1—57 X, IT
BEEpEE A L, ZOE, SO HEMOTED
RN B L5 2 7. avy Y a—X 37 a7
T rDA TV Uy MEREsREILE FREE L7272
?Tﬁ< B LWEEEIR O Hikimzs 52 AL LT

Thbb, ANEOWERRIBEREDIR(L D A 72 &7 K
%%@@%@%%-%@ﬁ%@%bkimﬁﬁb%%
DF— L 72 DI I MR DT 2 RlRE & 57 5.

EEEX, FREEMICHE S Bk EE D OATEZERH
DA G 2 DB ETD 0, BREERSICE Y &
DU S RN 217, Zhaiks s LT, b
ZRISTR EDIFEMRIZHEIT B1/1P 6 XD, AR DTE
o ABIRENCLE O AP 5 EY, & BITHEIEROREIX
HEHOUND 5 EV e EERIA Lz, 1/ 5 Z13IERIE
TREHER CRIZL SN D I EETH Y . IERIEELS:
OREOBZFHLTH D, FERIERIINERDOBIE R & b

NTHEOYER 2 BFRICKHAAEL TLOHR 5T,

N O, B Z 136 U (healing)Zh R End 5 L &
NCW5. Thbb, IEMEREMERIT, RO M
Ra—<r AL HX—T oA AL —BEHETH AR
DA AL LT & N DA v Z—T = A A
FOHR L I D — kAT 5.

BHERE Y I 2L —a VT DITERDO~ 7 v il
LN EBT IR EMS LItk D by T H Y
VL RERERCT D SR DR D BN A AR I T
REEROIRHENERELT LR NAT v 7R H .
AT T A 22 AT FIE DI TH V| BT
2 —ZEHiE e TOMBIEROFETHY , ZoRE
L LTENT—-F— = b (cellar automaton) > & 5
Y L OB RBEMRIIZORLT— A — b~
ko TRRE NS,

PUbDZ & i, AR CIXEEENMEET D1/
D TRATIE MR ICBT DN DD BEEIT S .

2 /P S ERREB O
21 Uf b EFEHEF

—RIALE QAP f (1) 1T a, . R
a; cos (iot) B L OEKE b, sin(iof) oM TR S h

1/f fluctuation frequency, Complex system

64

4. ZIZT,
L5,
ER/T PN

f(t)=a,+ g[a[ cos (iot)+b, sin(ia)t)]

=a,+ ZW cos {iwt —tan™' {b'ﬂ
i=1 a[
iot—tan | —
ai
D A/VASY

(1) ROEFHEIRELD & & OIRIE ¢, DOBIR A i
*%I$CFig. LRT X 9 IcHi<.

i=12,.,0,0=27/T=2xf (FEk

o0
=a,+ Z ¢, cos
i=1

(1)

RIAR/4X

INT—ZARGM L

A
Fig.1 Definition of 1/f fluctuation freauencv

Fig. 1T, FABEEICERRICHIRE (T —A~X7 |
V) D—TEEE & DRI SV AR T A
MBI, ABIOBMETIET U 2R RELIR
PkE 52 5. fi, mEERBIC2 5 & BIITIRIED
W D WITHR 25, B T HMIZR IEsK 7 &
THY . ANFEOREMEIZKR U CTHEHRT X CTlx b5
a2 5. BB E] U CHRIESHOE 3 2 Fritk.
Thbb, RIENS UL B U Ol 2 & St 2

/£ & TR & S, ANHORMEIT R LTl
FWERZ G2 5. DR S ORIEITINE T o D%

HEEAGWERET S Z & THRIESNS.
22 TR L ERREBEF DORIEOME
LA W TAER LTz U b RO % Fig.

08PR0003/08/0000-0064 ¥400 ©2008 SICE



2R T, Fig. 2 07—V T AT |~ T AP K
BORRE ZNZNORETHI< & Fig. 3 £72% . Fig.
3 T, BERRIEIRDERBECEONZERILTHY
ZDABLE-1.002 TH Y | 1/f b & X FREEE S
.

Amplitude

s0000 E0000

Sampling Points

' A 4
T
10000 z0000 u 00
nnnnnn

Fig. 2 An example of waveform having
1/f freauencv characteristic.

uuuuuu

nnnnnn

Fig. 413Fig. 2R TWIEDOY 7 ) o Z i 55

T bbb BT — X D65536 8505 72 DI O
32768 AN SR HWIED T — ) e )T — 227 [T A
KE TR OBRTH 5. Fig 4T, EITR/NE T
ETHLONTEETHY . ZOABLE-0978TH Y |
1/fd & ZJEPEERHEIL, RXOREBRRETH L, i
LRt & 7=, [FAEICFig. 20T, #516384
M5 FES57344 45 F TA0960ME DI B 15 5 - JE 5k
Rtk 2 BRI L TR L5 AEIE-0.998 & 7> 72
o T, 1/f 5 ZEPESFEE T HPRIT 7
U > TEECHL S T, 1/46 & & TR E R E 2 TP A
525, FOIEUBELIY ) o ZEEC TS
MR LT

log C1

Fig.3
Straight line denotes the least squares approximation
having -1.002 gradients.

logc, versus logi characteristic

log Ci

logc, versus logi characteristic

Fig4

Straight line denotes the least squares approximation
having -0.978 gradients

23 BEGMD U D ERIREEFEDHH

71 5 —BEE OATE D17 L— AR B L OH AL
PINOIRD. R, Rk, HEBIZENENMSIRE ) U
oEfg L L TRBTE S,

Fig. 513l 0,0, BT 2 TnThoE /7>
L— L@ %7R9. Fig. 5T, &R0 7 L—AE#RIZ
H@px,y A 7 U — L EEAE EOAEE O W FENE IS T
% B 2 501 00 8 BB £ (1) 126 & 8 TR
(7 L— 2l F RO 1/ & SRR BFEZ RS D, 7
b, WFE(pixe)fHIC 7 L— A FANICET B 1D 5
TR EARD D, 200, BIEEO1D S X
JEB BT U O Ll LT S D,

Fig.5 Sequential 3 frame monochrome images

24 T4IILA—

VNVEL BREROWZENLE . HEOMENE k (28T
5% i REFAWDOT7 =)« RU—=ZAXRT N T L%

IF, (i) =l - i=0,1,..,1-1 @)
LU,
Y. = | log|Fy (o)

xj,k:[loga) log2w -

T
. log‘F/.,k (la))u s
loglaJ]T A=12,..,m,j=12,.,n
3)

log‘Fj,k (Za))‘

(2% LT, ERRTE
4)
T 5 TR, LT OMIE S AT AR AL

IRV

y=a+bx

Y0 =CX, 0,
Y/.,k = [log‘F/._k (a))‘ log‘F/.,k (20))‘ log‘F/._k (la))u
X, = [a b]T ,
1 logw
1 log2w
C = . , i=1,..,m, k=1,..,n
1 loglw

(5)
B)YRKDOIE S 2T L FBEROREATH C 1Tl (7
— 2 %0 172851 Th 5 b A posed) TH DH. =

65



D=, G)YROIEURER T S L Xy 1TREFE ) v A

‘rf,k‘ =Y, -CX, ©)
Z e/ N 2 /N E RIEIC K DR
X, = (CTC)_1 c'Y,, )

AT 5.

W, FEEOFHETIL T — Y RO EZHZR LT
BT L— L0 14 HETIZHIETH 77—V = - XU
— AT N T BNS@)ROEMITL O a, b 2T E
L7-. Figs. 3.4 MG o7 ELROFITH 5. Fig.
6 DEMTELUTHERI L <RV Lo T D, TR,
PRI EDFEEETE LW INE(O) R DFEE /L Al 0 S
FHECE 5. AT HUT, ERTEORBEZBIZR L T
AER UL &6 EEEEH OB ZHT 2 2 & A3A]
HETHDH. BlziE, (O O2IRDO LA EE

: %A

Epean =" ®)
mxXn

THRMAE L. Fig. 6 18T L 90 O REEZ HIE &

T57 4 N — B Ui/ N B RIEDS —E DR L
TH Y LS OAH T 5 Z LR AIEETH 5.

Fig. 6 An example of space filter

3 &
3.1 B

FRT—H I bEETHY —RTT—F¥ Thd
7o, RN E ST RIEE T H. T —H D
JEARERE T, DERERE LT IfOLEEET DY
D, 2 EDEWHEFIETINfPEEEETIHHED, &
DI )RR E LTHERERERICE /f b EE 8
SRV HDIZKAITE 5.

Fig. 71 3Wbp o LA 52 255 & LTl
SNTWVLHDD L ITFER TH S, Fig. 7T, E
MR BT EUCIL S B o 2R L, 1%
RMPREZITIZIE-1 TH Y, B IE-1 L0 b0
SVWMETH D, EROBEEZBIEIUE, 20T
JEP A S AR L U D X A T S e

66

log Ch

logi

o

Fig. 7 An Example of Music Frequency Characteristic
DARBIZRE SAILTWD Z L3 5.
32 BER

KGO BIRFD /£ @ 5 ZJE R ERF I X B {5 )
At D, LG EOIEWRICEBIT D UL
DHE D, NHOEEIEE LY /fdHED, &b
BEMEROREX B O 1/f @5 & Y L ShTn
%.

Fig. 8 |3%gn (=R HEITES Uf Db EJEE
oM THD. AD Ry B I DLEEETH
EFEAZRT. W, 2O RITR/NAREORRE ) LA
ST G T 4 V2 —4 BB BB TND.

Fig. 8 1/fFluctuation Frequency Extraction from a Music

Instrument (Shyamisen) playing
White dots denote the 1/f fluctuating pixel position.

4 wILZ—--F—FrT b2
He B2

41 BEHEME=R

BT — A — b AT 1950 R A~ Y
TENREZM LTS DTHD. 1970 FFRN S LM DI
RAERRDET VAT S 41,1986 FIZIIHETH A A —
= biE~EEqL LT, Z20%, BT ARLY < ik
WZHE L, BHERN O 2 LICEH S TE T
A H I EE - BEF B G BB A0 - R R L
& RFEHSR LIRS EHShTnE Y.

5. A7 4 —7> 7 )L7 5 A (Stephen Wolfram,
195948 H 29 H - ) X7 A U 5@ Wolfram Research
fORIES ThREREETE THY . /-, HinmHE
FETHH D MIT 15 I L CHRRT-im O Filiam &
HEL, Ay I AT 5 — FRP%E 1T IR THE. ZO%



Y 7 A N=T TRRPICES, &L — P BE,
Lo, FHmOMIE AT o 72, 20 5% TR EL Y
DI RV ) 7 V=7 TRKRFIZIH T Ph. D.
DALz BT LTz, 1982 4F X 0 BIfE Tl THEMER] (2
SEINDL BRROBEHESITONTHFEL, 'L - A
— b~ MACET DR R IT o 7. S BT
5 DR % Review of Modern Physics s&lZ 8 L
7=,

42 FMHKIZBITHEHSR

AR HERIE R LNV ORE S TET A
EACKRKT AWEAEE o TV, 2O OB
AN UTIE U TRICE X b D R =R VX —%
BR/ANTT 5 & D ITHEET . R L UL ORI A &
BT D OIIRATRETH B8, ., BetEARTh T
WA DSEEE DR L= OB TR T 5.
NHOBOES (ZhEMXESH) | T72bb, B
XX T BEMEEO& B BEMET TRIZ S LS.

-
~—

Fig. 9 A Magnetic Domain Image byBitter Method
Sample: soft iron

Fig. 10 1/f Fluctuating parts accompanying with magnetic
domain movements.
White dots denote the 1/f fluctuating pixel position

Fig. 9 I IREMX DA THLNE v & —ETHLIL
TBXEBRO—FITHD V. TS OREKRREIXSNES
SR OBEE & AR IC % L CiEBh L, Fig. 10 1R 7 &
T 1D EERPEEE 23 5.
b)Preisach Model F.Preisach (RGMEIR DRV EFME %2 2%
BT 57Ot ima gl 45 2 Ron i BT, AN
WEFBREE IS U TR L O ST 5 ET b,
725, Fig. 11 (2577 Preisach 7 /L &% 2 7= ©.
Fig. 11 T, T BN¥w, +1 REFROHEMEAL, -1 23
AHEOBENBALTH D5, BB Preisach D
EET SNBSS U C 3 MEEIL —fote LT

67

n . n //;
[y /’-r
L) P S KT, SUENT
x| P +1g &
A L L efTir s
t* +lt x4+ Pl 1 R *
(bl {c}
T ¢ H,//
Ia/-Jr@«iH | Rl PP Sttt T
= F + 4 B A1 I .-'| ----- P
7 x us.é_.__._._._._._._._._. -'".
/':i-ra--r-r //1tﬂ+t+I /_,.-"'_‘L----
VTR i ERE FAE R IR R Z‘ "1,'I
{d) (f)

Preisach Diagram
{a) Fch o S@~@1 (b~ O FiLMm iz isd =,
Fig. 11 Preisach Model

— A= = hETATHD. UL, T Ea—
A SHEBLT 2 LLRTD 1930 RIS T HEHEZ2 W ER
HEAEFEHRTLHETELT— - F— b~ b7
ODIDEMRNT EAER L, BB,

H CUBREhRL &7 /L CRELI N 2B ORFHER 1T
Uf @b EEEEREE 2T 5. 2L TENLD Y I 2
L—yarETMIENLT— - = F= h U THEES
N5 D EBIHEREREIONRETHD VU bk
BEETAEMTINAELT — - F— < L THS
nsY,

o T, BT — « A— h~ b UATEMERINT DA
Nix—HiETHD.

5. F&O

AFa TR 50 b Ui b S 2 i+ %
ik zn b OBERMH BEO, BT — - A—Fh
~ b ETMCE L TR L7z,

SE

1) SFPHIESE, Sulifndk, REFaGR, 7Ekd, HIREZ, BARRO
BHE AR UE JAEEE Sy O, wTHULER S R YD
2,,B108,2005.

2) B, FEICE, EETET BiEGoeRERT ks 2
DI, 5 35 [E AT bIE S AR T A TR 2007 42
7 A 25 H,C213, Vol. 27, Suppl. No. 1 (2007 =7 A)pp. 227-228

3) ZUKMEE, SFEIES, TR, «vy & —iRIT 5 HREREK
B2 & JEE SR E ORI, AA AEM 22336 Vol. 15,No.
2(2007) pp. 195-200

4 7Y —@ERFE [V ¢ %7 7 (Wikipedia) J &L+ A — b
~ k. jawikipedia.org/wiki/ £V -« A — b+ h

5) 7V —ERER [V 1 %7 ¢+ 7 (Wikipedia) ] 27 4 —7 > -
7IV7 Z A, jawikipedia.org/wiki/ AT 4 —T7 2« TIVT T A

6) F.Preisach, Zeitscrift fur physic, 94, No.5 (1935)

7) http://soliton.t.u-tokyo.ac jp/nishilab/http:/soliton.t.u-tokyo.ac.jp/

8) http://takahashi.math.sci.waseda.ac.jp/works/public/03-Surikagaku
-478 -35-preprint.pdf



%5 51 [5] B Bl A TR
2008 4511 H 22 H, 23 H [LIBKRZZILEEES

214

TILS— - A— +T b UIZK BRI EDORIT

OE Y

I (EBORT)

Representation of Magnetization Characteristics by Cellar Automaton
* S.Miyasaka and Y.Saito (Hosei University)

Abstract—

After we classified the magnetization curve of a ferromagnetic material into three magnetization

regions, we applied the Preisach type cellar automaton model to each of three magnetizing regions. As a result,

it is shown that the magnetization curves can be represented by the cellar automaton model.

Keywords : 1/f Fluctuation,
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1/f fluctuation frequency extraction from sound data
* K. Sugai and Y. Saito (Graduate School of Hosei University)

Abstract— Most of the modern conveniences are designed to operate in a highly efficient manner with sophis-
ticated human interface. According to the spreading use of micro-computers, modern conveniences are able to
equip the human intelligent functions. Further, modern ergonomics have to take the mental environmental im-
pression into account. Sound is one of the most effective signals appealing to human sensitivity. Therefore, it is
possible to say that sound is an extremely important factor when we design the intelligent human interface of
modern conveniences as well as ergonomics considering the human mental impressive effects into account.

Since 1/f fluctuation frequency characteristic may give a healing effect to the human, this article makes a study
of the 1/f fluctuation frequency characteristics extracted from various types of music.

Key Words: 1/f Fluctuation, human interface, sound
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Particles “Ne” in “Kindai Nogaku Shu”.
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analysis: Particles “Yo”, “Ne”, “Yone” in “Kindai
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analysis: Particles “Yo”, “Ne”, “Yone” in “Kindai
Nogaku Shu”.

FEETHY, m¥NT [l OFEHE2REI T 5L
Bz [kl #EEE, FEEENICELDILTVW5E2E
W3 5,

Fig. 10 l3m dERD VIV 4 3 EET L OB
iz DBEERERHTRIZGE, RILKELELLERTD
TRl THY, ¥HICETEE SETHRELEETS
Z bbb,

VAL AT ORI ST e wicy, B
BT 37—y X 2mFALLEREEA TV
ZEEE LTS 570,

GEACRERE] BT 2#ME &), Thl, &l
DFAEERE» 5, T&1, TRl [Lh) % b % 5 i
FTAHE, LI LT, FNFNAOREKIRIE R
N ECNME % BLA Bhan i a2 Ml 248 L e 2 2 L0
ALPEZ o2, POV S, FHRIZE 382
BHLEOERIT [FEET 2738 #ERNICI A Emn
I N FEZ 5N, RERICHEDLILT Y 2855
[&], Tl Tkl oBMERITEIT0RER, X%
AT ERBERALETHT— 5 2 LY 2354, %%
BICEALT 2EFR [ &) & [l o&ALErEE L RE
P FEHRIA L2, 3512, ERIETLET > 5,
HHEE IO TP w [Lhl PEEN1EDAIZLE
b5, BROMICHEFESEMZY [L] L%
LN T LB EHHES N,

4.2 BRIR - AR ICEB % BV 18R
— [Z779RF] B 2RHOSHNE —

F=FE 7772 ] 2xFe LTAFERZHEHL
2, FORER, T TOERYTFRBEE Tl L,
FLABERBEE LTOMEPR LD L o722 L%
BN,

FA 2 DIERY —F (Johann Wolfgang von Goethe,
1749 1832) (FAEDHEEICE THEHMESTE RN
Twah, HERRCB U TEATIHSIIZETEEL
BR2AEDI ST,

(7772 ] (1774 1831) 5 —F OHEFHE» 5
0FEDEH ZPITT, TREEFA4 7‘7—7 Y9
REERT, FEOL2EB LRI AETN TS,
HICHEMEORREIZNA WA LETIRY) ANRLSILT W
5. Ft, F=ToOFHENERPEL T EHTRNSLA,
ZNTVBEERD—DTH 2 LIFHENT 5.

[777ZF] 123307 oe—rBLUE—ifk
BIE» LS RINIATOERTH D, FOMK% AT
SEE L7z, Too—2033%5E, B3 25 5,
BETHII26H/ET, BT ons ZoER
BRHBETHOR) ZOEBREF D7 77X MR 2
BETIWETH L. AN TEE I & RN TR
BAEZEHrshY), FMORERFIFET 77X
FOERIE TV VBRI %), B
BAHLBMHLEHTH 20, EMeEoEEnL Lic
BOIL->TEY, ~vFERB 7L —- e BB & &

47—



43 i BKS, BE Gkl EF EZ

2L Twd, Y—THEHIIE-IEEEL, F I
I3 LTz,

F—TIdFRICEEN, CEEREE(H, FOR
o HIRR R, 72, A 2= AEHTIIEGH
NERIHEDL 72 FHEIIETIRSLZL, ¥Y—TD
¥ ) R KT ZBRICOWTOWSE b #E B0
£ DN BizEIR TV, FERicL Ty —
FTIIERLG TSR L ST, 20— HHEL LT
NEF[OX ) X FERIEL LB INS, F—TitxT
R EEIERE Y, kAT TR AR Bic, AREMHD
IBICE S| MESEERER L2 itk b, -
TR T T3 <, IARERI Ze AhER & v ) R &L
e L B0%, THIEEBRERELL TNy —FIizk-T
BTEZIEDTEL W, BREDEL LEEEI N
R 23520 TH 72, —H, FHEEMHTr~—T DN
WAEED A Tl L 2T, FFAE LToffidgiz Lz
FIDICRENISZEME LB A 722 L3y —FD
SN M A FR T A E b TEE L I LW
THh 5,

F—TDOFET EHEZ T RS L AE] (Max-
imen und Reflexionen)? D [FEWEF VA MK] 128
WTHIZZEHTE S, [bL2bl3, HREkE L
LCi3ilams, A LTizemms, Eflxe LT
B—HHRETH L] roBEZHIIH LT 4 — 0 7913
ROBRITHEDOTHHNZEBRL L 52 ZNBYIZE
WTHEAEPB LIS LRNT WD,

[777 RN DEED—I1C BREL B AN H T
LND. fEE, MRS, WERBESTIAHOEL, S5
WEIERED NI BEHL, REERBIILTWE, 22T,
=T [HELAE] TRRTwEEHIIHTLFHZ
FHaebLIXFHNERLEREL, BHAMrEREL LT
BATS, BERIZ TAKEEKRSE - iGE] TFA - 245
%] [EERK-—MWHmE] D328 T, BHEHIT LD
BHHER RN, T2 —T7 vy b EEBEERN L ET
L7,

[77 72N 2B EMHTHRER> L, (B EE:
THFEIX TEER - ~M@wmE] ThY, B1LWLFE 24D
IR EZONDDH B 2 EHRENT, LT, BEER
Tz =7 Ly N ZEBREMNTIC & B R Y
BB, MEHIEEOBKERL, HWEIIX -7 - FOME
EOEILEERKT,

EEDOT - BEL TORBEIIMBHEEITTH 45
I 2 DORERDT— I HVRETHL72DRBDE
EiZoh rbh 6 BRErYaT—7 L2, F72, R
ZtoxBMLBRERIRLTS S,

FR&OFELRELZLIET 5728515, Fig 11
T =7V oy F ZFERBREBRFOLL] EBHT L,
[EER—MawE] P EROESE2ED, Kb&yvE
BERLTWS, KT [HHREKSE - sl &7
D, TN« 2M@EE] IRLEVEAZHOTV S,

Line: pantheism  Dot: polytheist ~ Chain: monotheist

- 40

s .
© 35
&o

s .
£ 30
Q .
5 :
o 25
= .

20 :

o - Scene (-)
10 20 30 40 50

Fig. 11 Level 1 of the discrete wavelets multi-resolution
analysis: religious pattern of “Faust”.
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Fig. 12 Level 2 of the discrete wavelets multi-resolution
analysis: religious pattern of “Faust”.
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Fig. 13 Level 3 of the discrete wavelets multi-resolution
analysis: religious pattern of “Faust”.
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Fig. 14 Level 4 of the discrete wavelets multi-resolution
analysis: religious pattern of “Faust”.
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