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Methodologies for Electromagnetic Field Analysis Using Visualized Field Images
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H. Endo, Y. Saito, Hosei University

Image-based approaches for electromagnetic field
analysis are introduced. Monochrome and color digital
images visualize the scalar and vector potential distri-
butions in the electromagnetic field, respectively. Two
types of image equations express the visualized fields:
Poisson and Helmholtz types of equations are consid-
ered as the governing equations of static and dynamic
fields, respectively. The present article gives applica-
tions of the approaches in analyzing magnetic fields
imaged by the sensor coils and scanning electron mi-
croscope. Finally, a methodology for image recogni-
tion demonstrates how magnetic field source elements
can be identified.
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tion
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z — Blue

y — Green

x — Red

Fig. 1 Visualization of the vector field by
color pixels.
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(@) x-component

(b) y-component (¢} z-component

Fig. 3 Image source densities of Fig. 2(b)

HEZEMO 1 REABIEZHIBRL, v —2FvvF1—0%
B Tbb Q) Ro®T v LRI REMSAEREES

V2Ucolor=—0color, color=R, G, B, (2)
Z T Tcolor i3, BESYEEKRY. BRER BREENLE
DEfERRET (2) REMC T & CHEME U PBBICHERS
haLanid, FREGOERESEY T ELLERBROE
TEASFIRET & 5.

2.4 - B OBEH & SRISEEIRE R

ERRIZ (1) X% U 1c> W TEIE L 7@ AR AR
CLETHBENKHERENED, COEEXY—RFV VT 4—
DREFIICERZUARE LS ThEE SV, EEOH
A, b ERAOEAFEEETEF 1) 7 VRIS REH
LIBROERAR~NOE(FEE ¥ LT3/ 1 < /BUER
ZHTHE. TRTOERE /A < v BIcd 3 LET AR
NI ARBEUTNCS Y, BE—BHICRE S0, KFIDOBE,
fETH HZEEBEZ SNTV ALY, EREHIZEBICE
ETEIENTER, V—RFv T4 —%2BrLxbE
BEeHEETLEGMP—BIITRTZ LT )7L
BSRAKMGE L nIF L,

Fig. 4 (FHERENRICEE 3, v —-2F v v 574 —%H
WTR)REMEE, EREHEELERTH 3. Fig 4()
1, EFR32X320DY —RF VT 4 —h5E UEEK
DA —EREEFERLAZLDOTHY, ANEEEBETH S
Fig. 2(b) L i3vBEDCEHH CTRI—TH »7. 7, 2K
DA BRI DI 51, EENERGETEA S
nNTh, HBEOS TS VT vTELINEY —2AF VY
F 4= LTHAVA y Y2 v2FLaAEHVT (2 RE
R L TEMBERBEBS  LMNTRETH B, Fig
4b)~(d) i3, v =RF V¥ T 4 —OEFREICKT L TEBE
BDOAyYaYRT ATEBEERLIERTHE., T
T, Fig.4(b),(c) 13, —EMMRTERAZR5]% L1 Fig. 2
byl T RDF 75 7 v &2FETL, Fig 2(b) £[E
ERHCEBEHERLERTH 2. Fig 2(b) & Fig. 4
(b), (c) & DIEBAFEEIFZ N 091,081 &0, 6.25%
D7 — 5 BT 08 LIEDOHRE%E bOMADHSHEESNS
R &L -1, Fig. 5, FFIBWTHES XEiBy» 50
HRMLHEARKTE LD LD TS 3.

D& BHARAHOWEE IR, AETESNIWAT —
IMH7 4 —IVNETHZEREMEL, HEESI/ER
DD SHRN R ZK D 5 VbW 2B FBRASSKE L

HAIG I R4 Vol. 28, No. 1, 2004




r’\\\‘\ S N

/
{
/

Correlation coeft.
=

o o
[3S)

5

322 16> g 4
Number of pixels

Fig. 5 Relation between the correlation
coefficients and the resolution of the visua-
lized magnetic field.
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Fig. 6 SEM images of a grain-oriented elec-
trical steel (ORIENTCORE HI-B, Nippon Steel)
100X 100 pixels, 0.1 mm/pixel.
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(d) A 160.69 < H < 236.32 A/m

Fig. 7 Elements in matrix A. The left and
right columns show the real and imaginary
parts of /1, respectively.
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Fig. 8 Generated domain images and
magnetization curves (100X100 pixels,
0.1 mm/pixel).
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Fig. 9 Calculated magnetization curve
compared with experimental results.
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Fig. 10 Selected pixel positions for draw-
ing microscopic magnetization curves. The
background domain image is the same as
in Fig. 1(a). Positions 1 and 2 are in the
180° domains. Positions 3 and 4 are in the
lancet domains. Positions 5 and 6 are in
the strained areas.
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Fig. 11 Magnetization curves in the 180°
domains in Fig. 10.
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Fig. 12 Magnetization curves in the lancet
domains in Fig. 10.
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Fig. 13 Magnetization curves in the strained
parts in Fig. 10.
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Fig. 14 Transformation x—y image into RGB
coordinates.
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(a) Original image (128 x 128 pixels)

64 by 64 arefigen 64

(b) Transposed low-resolution image (64 x 64pixels)
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(d) Scaled-down low-resolution image (100 x 100pixels)

Fig. 15 Examples of eigen patterns in a
color image. The left and right columns show
the target images and the corresponding
eigen patterns, respectively.
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(a) Film-type transformer (b) Color-imaged magnetic field distribution
X

(c) x-component (d) y-component (e) z-component

Fig. 2 Visualized magnetic field distribution on a film-type transformer.
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Fig. 16 Examples of image recognition for

(c) From 8 x 8 to 32 x 32 pixels (d) From 32 x 32 to 256 x 256 pixels %
' magnetic field source elements.

Fig. 4 Reconstruction of the magnetic field
distribution from the image source densities
in Fig. 3.
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