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Previously, we have proposed a method of solution for the inverse problems, and successfully
applied it to the biomagnetic fields. In the present article, we apply our inverse upproach to the
leakage magnetic field source searching for the notebook computers. As a result, it is found that our
inverse approach is quite effective in searching for the leakage magnetic field source. The validity
of our solutions is carefully examined by comparing the measured and calculated magnetic. field
distributions.  © 1996 American Institute of Physics. [S0021-8979(96)53108-4)

In order 1o prevent the misoperation and mutual action
among the electronic devices, a magnetic shielding is onc of
the key techniques in the electromagnetic compatibility
(EMC) field. Scarching for the magnetic field source from
locally measured magnetic fields is reduced into the solution
of an inverse problem. Inverse problems are classified into
two major categories, i.., one is the inverse parameter
problem' and the other is the inverse source problem.2™ In
order to shield the leakage electromagnetic field from the
electronic devices effectively, it is essential to solve the in-
verse field source problem. )

Previously, we have proposed the sampled pattern
matching method as a method of solution for the inverse
problems, and we have applied it to the biomagnetic fields as
well as conventional nondestructive testing problems. '~

In the present article, we measure the magnetic field
above the keyboard of a notebook computer as well as a
typical example of electronic devices. And we apply our in-
verse approach to the leakage magnetic Aeld source search-
ing of the notebook computers.

Most of the inverse problem in the electromagnetic ficlds
reduces to solving for a following governing equation

X,= f GY.dV, (1

where X, Y,, G. and V are the known field vector, un-
known source vector, Green's function or its space deriva-
tive, and volume containing the unknown source vector, re-
spectively.

In the sumpled pattern matching (SPM) method, we us-
sume that the magnitude of a field source at each position
can be represented by the space occupying rate of unit

source. This means that the goveming Eq. (1) is assumed to
be modified into

XM= f GMadp, (2)
P

where superscript [N] refers to the normalized quantities.
Also, & and P are the vector delta function representing the
source vector Y, and (|G}/|X,|)V, respectively.

Physically, this transformation corresponds to the pulse
width modulation (PWM) technique in power electronic en-
gineering. Representation of the space occupying rate of unit

source is one of the key ideas of the sampled pattern match-
ing method.

Discretizing Eq. (2), we have
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where /m denotes a number ol subdivisions of the lield source
existing space. Denoting n as a number of field measured
points (i.e., the order of vector AX}), D becomes an 1 by m
rectangular system matrix composed by the column vectors
Gf"”(i= 1L,2,..m), and P is a mih order PWM iicld source
veclor whose element is AP, (i=1.2,-.m).

In order to evaluate the vector P in a least-squares sense.
multiplication of D7 to both sides of Eq. (3a) viclds

pTAXIM=pTpp )
or
P={DTD|"'DTAX[Y. (5)

From Eq. (5), it scems able 10 evaluate the solution vec-
tor P. But, this is practically difficult, because the column
veclors Gf~~’(i= 1,2,-.01) constituting the system matrix D
are not linear independent. In other words, the clements of
matrix D have Been obtained by discretizing the same con-
tinuous function G, so that the matrix D7D becomes u sin-
gular matrix. Thus, it is difficult 10 evaluate the vector P by
means of the conventional least-squares fit.

Consideration of the matrix D'D in (4) reveals that the
diagonal elements take 1 but the other elements are always
less than 1 because each of the column vectors
G[N](i=1.2,-,m) in D is normalized. Thereby, the matrix
DD may be regarded a unit matrix with order m. This as-
sumption means that Eq. (4) yields an approximate solution
of P, which coincides with those of u lactor analysis. Further
consideration of Eq. (4) suggests that the elements in (4) take
values between =1 and 1. Namely, the
AP;,(i=12,-.m) in the vector P are

— T 7 A
API— X,)'Gf/[ lkl)l ”(,II

where the elements A P,(i=1.2,-un) of P are called the pai-
tern matching figures.

clements

1. =120 (6)
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FIG. 1. An experimental result of the ficld source searching. (a) Schematic dia
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gram of a loop antenna, (b) measured magnetic field distribution above the loop

antenna. {¢) estimated current distribution, and (d) reproduced magnetic field distribution by the currents in (c).

Since we have to decide the existence of vector delta
function &in (2) by the least-squares sense. the SPM method
assumes that only onc element taking the maximum pattern
matching figure in Eq. (6) has a unit vector delta function. If
the & P, takes the maximum, then this point & is the first
pilor point and its associated pattern vector G,, is called the
Jirst pilot panern.

The second pilot point is decided as the maximum ele-
ment of

APL=XT(Gy+ GHIXN G+ Gl
=12 mi#h, N

The similar processes of Eqgs. (6) and (7) are continued
until the -peak value of the pattern matching figure is ob-
tained. Finally, the ficld source Y, is transformed into the
PWM ficld source pattern P, . 3

As shown above. onc of the merits of the SPM method is
that the SPM method gives n.most dominant solution against
a locally measured ficld pattern. For further details of the
SPM method, see Rels. 1-4.

One of the problems of the field source searching is the
validity of the solutions. In order to check the validity of

solutions. a simple experimental example demonstrates the
validity of the SPM method.
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First, we measured the magnetic field having 75 MHz
frequency above the loop antenna. Figures 1(a) and 1(b)
show the schematic field distribution, respectively. The mag-
netic field above the loop antenna was measured with the
spectrum analyzer. The 75 MHz current flows in the loop
antenna. The magnetic fields at 256 (16X 16) equispaced lo-
cations above the loop antenna were measured. Second, we
applied the SPM method to this magnetic field. Figures 1(c)
and 1(d) show the obtained current distribution from the lo-
cally measured magnetic field in Fig. 1(b) and the repro-
duced magnetic field distribution calculated from the cur-
rents in Fig. 1(c), respectively.

Obviously, the results in Fig. | suggest that the SPM
method is capable of estimating the global magnetic field
source distribution. Thus, the SPM method is a useful solu-

tion strategy for the leakage magnetic field source searching
from the electronic devices.

We measure the lcakage magnetic fields for the two
types of notebook computers. One is operating at 75 MHz,
and the other is operating at 100 MHz CPU frequency. Both
the computers equipped the INTEL DX4 CPU.

The magnetic fields above the keyboards were measured
with a spectrum analyzer under the full CPU condition.

»
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FIG. 2. The leakage magnetic ficld source distribution searching of the
notebook computer operating at 75 MHz CPU frequency, (a) The measured
magnetic field distribution, (b) the estimated current distribution, and (c) the
reproduced magnetic ficld distribution calculuted by the currents in (b).

Figure 2(a) shows the measured magnetic field distribu-
tion having 75 MHz. Figures 2(b) and 2(c) show the esti-
mated current distribution and the reproduced magnetic field
distribution calculated by the currents in Fig. 2(b), respec-
tively. The results in Fig. 2 suggest that the magnetic field
source measured above the keyboard is roughly classified
into two parts; one is the CPU and the other is the power
supplier. Thus, the magnetic shielding should be carried out
mainly to these two parts. .

Figure 3(a) shows the measured magnetic field distribu-
tion having 100 MHz. Figures 3(b) and 3(c) show the esti-
mated current distribution and the reproduced magnetic field
distribution calculated by the currents in Fig. 3(b), respec-
tively. - - -

The results in Fig. 3 suggest that the magnetic field
source measured above the keyboard is mainly caused by
two parts: one is the power supplier and the other is the
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FIG. 3. The leskage magnetic ficld source distribution searching of the
nolebook computer operating at 100 MHz CPU frequency. (a) The measured
magnetic field distribution, (b).the estimated current distribution, and (c) the
reproduced magnetic ficld distribution calculated by the currents in (b).

signal flowing line to the display. Thus, the magnetic shield-
ing of this computer should be carried out mainly to the

power supplier and the line connecting from the CPU 1o the
display.

In the present article, the validity of our inverse solution
method has been carefully checked by means of the simple
loop antenna. Further, it has shown that the different parts
become the leakage magnetic field source depending on the
circuit structure, and the common leakage magnetic field
source of the two types of computers is the power supplier.
This means that the magnetic shielding of any notebook
computers should be carried out to the power supplier.
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