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Macroscopic Visualization of a Radiated Emission Source Using

Cylindrically Scanned Electric Field Amplitude Data

Yasuhiro ISHIDA 9, Masato KAWABATA', and Nobuo KUWABARA ', Members

SUMMARY  In order to efficiently mitigate emissions radiated from
electrical equipment, emission source visualization methods need to be
studied. In this paper, we propose a new macroscopic visualization method
based on an optimization process which uses only cylindrically-scanned
electric field amplitude data from an EMI test facility as specified by
CISPR, and so does not need a special measurement system. The presented
method divides the visualization space into three-dimensional rectangular
cells, and estimated current vatues through the optimization .process are
sorted into each corresponding cell. By displaying the summed value of
every cell, the emission source can be visualized. For this study, the spatial
resolution was evaluated by computer simulation, with a result of around
0.2 m using a cell size of 0.1 m. With subsequent experimental verification
using a comb generator in a semi-anechoic chamber, the visualization de-
viation was found to be less than 0.1 m in a frequency range of 100 MHz
to 800 MHz. When two spherical dipole antennas were used, the deviation
was less than 0.15m. Finally, visnalization results from a facsimile unit
and a PC as real EUTs were shown and basic applicability of this method
demonstrated. ‘
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1. Introduction

The levels and measurement methods of emissions radiated
from electric and electronic equipment have been specified
by CISPR (International Special Committee on Radio In-
terference) [1]. Generally speaking, it is very difficult and
costly to mitigate emission levels. One reason for this is

that emission sources of an EUT (Equipment Under Test)-

cannot be identified easily. The objective of our research is
to propose an emission source visualization method that is
effective in mitigating emissions.

One of the methods currently in use is to measure the
near electromagnetic field [2]. However, the relationship
to measured values in the far field has not been elucidated.
Visualization methods using far field measurement data in-
clude MUSIC (Multiple Signal Classification) [3] and the
Holographic Method [4], which both require phase data as
well as amplitude data of the electromagnetic field. The vi-
sualization spatial resolution of the Holographic Method is
a half wavelength or more. Furthermore, new methods have
been proposed where SPM (Sampled Pattern Matching) was
applied [5] or the MUSIC algorithm was modified [6]. The
spatial resolutions of these methods are better than a half
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wavelength, and they can be effective, particularly for high
frequencies of around 1 GHz or more, but they require the
measurement system to be specially equipped. For frequen-
cies of less than a few ten MHz, a localization method of
the electromagnetic source has been presented in which the
MUSIC algorithm is applied [7].

Furthermore, a radiated emission source finding
method has been proposed [8]. Its target frequency ranges
from 30 MHz to 1 GHz, as is used in the CISPR standard.
For this method, unknown source positions and current val-
ues are calculated through an optimization process called
the Marquardt method [9]. This uses cylindrically-scanned
electric field amplitude data obtained from an EMI test fa-
cility as specified by CISPR. As this facility is widely used
throughout the world, it is thought that this method can be
used easily and its validity for two ideal sources has been
shown [8]. Consequently, in order to apply this method to
actual equipment, it was necessary to give optimum cal-
culation parameters and to avoid a local minimum prob-
lem, whereby these parameters and the method of deter-
mining the most possible source positions were presented
[10]. However, the determined source positions tend to be
averaged to one point due to the procedure of renumbering
sources in the calculation. This problem affects the accuracy
and limits the applicability.

In this paper, this method is improved and a new
macroscopic visualization method is proposed. Following'
the description of its procedure, the spatial resolution for
two sources is evaluated by a computer simulation. Then,
the applicability is experimentally verified using a comb
generator and two spherical dipole antennas in a semi-
anechoic chamber. Finally, visualization results from actual
equipment are shown and conclusions made.

2. Visualization Method
2.1 Basic Model and Optimization Process

The original EUT is substituted by an equivalent set of small
dipoles such that its calculated electric field amplitude is
equal to the measured one [8], [10].

Figure 1 shows the coordinate system and source
model. J, is the current vector of the n th (= (1---N) th)
current source, and (X, Y, Z,) 1S its position. J,, is composed
of (Jx,, JYn, JZ»), which includes a real and imaginary part.
N is the total source number and these values are unknown.
Pr(Xoms Yy Zm)(m = 1 - - - Q) is the position of a cylindrically
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Fig.1 Coordinate system and source model.
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Fig.2 Optimization process.

scanned measurement point which is obtained by a function

of both the orientation of the EUT and a scan of the receiv-
ing antenna which is availablé from an EMI test facility as
specified by CISPR. r,,, is the distance between the source
position and the measurement point P,,. An upper bar indi-
cates the image one due to the metal ground plane. Eh,, and
Ev,, are the horizontal and vertical electric field amplitudes
at P,, respectively.

Although only the n th source is illustrated in the fig-

ure, Ehy, and Ev,, are superposed by N sources, where it is

assumed that there are N coherent sources and their radiated
emissions are continuous, from which quasi-peak levels at
the measurement points are stabilized.

Figure 2 shows the optimization process, in which the
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Marquardt method [9] is used in order to estimate the un-
known values [8], [10]. Firstly, measured electric field am-
plitude data is inputted, and the iteration starts with the
randomly given initial values J,(,O), (xf,o), yf.o); zf.o)). The Mar-
quardt constanty, which strongly influences the conver-
gence and stability of the optimization [9], is given ran-
domly in order to expand the generality of the solutions.
Correction values are calculated through (1) so as to min-
imize Norm in the optimization. a represents unknown val-
ues.

ONorm ,
dda =0 ) .

Norm is the deviation between EM and ES™" as defined
in (2). '

i+1
2 IESD _ gMp
X2 | IEMP

EM s the horizontal or vertical electric field amplitude

measured at P,,, and ES*D is the amplitude calculated by
using the estimated values. E,(,? is expressed as shown in (3)

[11].

N 1) = jkrm TO .
EQ = Z{LDM . ’ﬁeTDm} ©)

Tmn i Tmn

Norm =

@

n=1

Where k (=2r /wavelength) is the wave number, D,,,
is the directivity due to the measurement antenna, and the
superscript (i) shows that it is estimated by iterating i times.
The coeflicient is omitted because current values are nor-
malized in this calculation. Details of this are described in
Refs. [8],[10].

The calculation above is iterated I times, which is suf-
ficient to converge the calculation, and the converged values
and Norm are recorded. These results depend on initial val-
ues, and may be locally minimized or diverging. Therefore,
the next iteration starts with different initial values, and this
trial is repeated a sufficient number, T times.

2.2 Previous Method for Estimating Source Position

For the previous method in Ref. [8], after the optimization
process described in 2.1, the minimum Norm case is se-
lected from all the records (= Ju, Xs, Yn, 2», and Norm). For
example, assuming that ten solutions with a small Norm
were obtained, nine solutions might have true values and
one solution might have an erred value. However, by using
the method in Ref. [8], it is possible that one erred solution
may become the final result due to accidental error, a locally

_minimized solution, measurement error, etc.

Next, Fig.3 shows the method in Ref. [10], using the
example of N = 3. After the optimization process described
in 2.1, every recorded J,,, X, Yp, 2y, and Norm is renumbered
in order of magnitude of |J,|. The first group is the set of
results with the biggest |J,|. The second group is that with
the second largest, and the third group is that with the third
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Fig.3 Method for estimating the source position in Ref. [10].

largest. After renumbering, the best possible source position
(x1, 47,21, (X3, 45, 25), (X3, 43, 23) is calculated from the first
group, second group and third group, respectively. wj, is
defined in (4), where w means x, y, z, generally.

. 2y wa(lJul/Norm)
" 3L, (al/Norm)

Where “divided by Norm” means that it is weighted
according to the possibility of estimated results. This is
because the smaller the Norm, the better the convergence.
Therefore, among sufficient random trials, even if just a few
cases result in a small Norm due to accidental error or lo-
cally minimized calculation, they negligibly influence the
consequent visualization.

Using this method, however, the renumbering does not
always correspond to the actual source distribution. In the
case of multiple sources with even current, renumbering at
each trial may be random. In this case, original sources no.1,
2, ---,N are not sorted into the first group, second group,
.-+, Nth group, respectively. The determined source posi-
tions tend to be averaged to one point, which is generally
the center of three sources in the example case of N = 3.

“)

2.3 New Method for Macroscopic Source Visualization

In this section, we propose a new method that overcomes the
problem encountered in 2.2, and furthermore can be applied
as a macroscopic source visualization method. For this end,
the visualization space is three-dimensionally divided into
rectangular cells. Figure 4 shows the example of a 0.1 m
cell with N = 3, where the visualization space size can be
given arbitrarily. Cell size is described in 3.3.

After the optimization process described in 2.1, as
shown in Fig. 5, the recorded |J,|/Norm? values are sorted
into the cells in which the estimated (x,, y,,z,) values are
located. If its position is outside of the given visualiza-
tion space, the value is excluded. Next, sorted values are
summed at each cell. By displaying the value of every cell,
the distribution map is obtained according to source exis-
tence possibility. Subsequently, the emission source is visu-
alized corresponding to its distribution map.
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Fig.4 New method for macroscopic source visualization.
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Fig.5 Procedure for source visualization for the presented method.

However, the result obtained in the presented optimiza-
tion process is not the only theoretical solution. Therefore,
as described above, the optimization is repeated as required
with random initial values and the Marquardt constant g,
and the estimated results are totally used. The measurement
point number Q, source number N, iteration number /, and
random trial number 7" are given according to the previous
study in order for the obtained results to be stabilized and
determine the desired solution. Furthermore, unsuitable so-
lutions are excluded by limiting the existence space. The
results from the presented method indicate the “distribution
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of source existence possibility,” which gives effective infor-
mation about the actual radiated emission reduction.

3. Evaluation by Computer Simulation

Visualization results from the presented method are dis-
cussed, where cylindrically-scanned electric field amplitude
data calculated with a computer is used.

3.1 Parameters

In Ref. [10], the total source number N, the iteration num-
ber I, the random trial number 7', and the parameters of the
measurement points are discussed for that method. It has
also been reported that these parameters can be simplified
in order to shorten the calculation time for emission source
modeling [12]. ‘

Since the presented method uses the same optimization
process, with the help of these references, the parameters in
this paper are given as shown in Table 1. N and [ are given as
a minimum requirement. 7 is given so as to be able to sam-
ple sufficiently for visualization. The measurement distance
is 3m, and the angular spacing of the measurement points is

- 15 degrees. The antenna heightis 1m --- 4m with a 0.2m

spacing (under 800 MHz) and a 0.1 m spacing (800 MHz or
more).

These parameters are common for both computer sim-
ulation and experimental verification as described in Sect. 4.
Experimental Verification.

3.2 Visualization Example

Firstly, we assumed two point source currents (infinites-
imal dipoles) at 300 MHz, whose original current values
were (Jx1,Jy1,Jz1) = (1, 0, 0.5) and (Jxz, Jy2, J22) = (O,
0.5, 0.25) with a phase difference of 0 degrees, namely
|J1] 1 |/2|=1:0.5, as an example. The original positions were
(x1,41,21) =(0.5m, 0.5m, 1.2m) and (x3, y2,22) = (-0.2 m,
Om, 1.5m).

Figure 6 shows the visualization result for a 0.1 m cell.
It shows the top and side view of the visualization space, in
which the values are normalized, as the maximum one is 1.
In the top view, each value indicates the total value of a z =
Om - -+ 3m cell at each 0.1 m square y — x area. In the side
view, each value shows the total value of an x = —2m - --
2m cell at each 0.1 m square y — z area.

The map reveals that two sources appear at (0.5 m,
0.5m, 1.2m) and (=0.2m, Om, 1.5 m), and these agree well
with the original source positions. The normalized current
amplitudes of source no.1 and 2 are 1 and 0.49, respectively;
the 0.49 point is so small that it may be difficult to see in the
figure. Where 5 in 120 random trials resulted in a particu-
larly small Norm, almost the same converged results were
obtained. For each random trial, |J;|/Norm?, |Ja|/Norm?,
|J3|/Norm? retains its original current amplitude relation-
ship, so this relationship is reproduced even if |J,|/Norm?
is summed. Thus we suppose that the visualized result can
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Table1 Calculation parameters.
Frequency Source Iteration ~ Random trial
number N number / number 7'
< 300 MHz 3 150 120
< 400 MHz 4 150 120
<1GHz 5 150 120
: -2 Normalized
Top view : 5_1 5 current value
_______ e e .- [f mo0.9-1
: i mo2i 1. m0.8-0.9
: Pa 4 m0.7-0.8
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Fig.6 Example of a visualization result by computer simulation (cell
size = 0.1 m, frequency = 300 MHz).

roughly indicate the original current amplitude relationship
for simple models.

Additionally, although it is not shown in the figure,
when the original current position or direction was changed,
the corresponding results were obtained. The calculation
time for this visualization depends on source number N and
measurement points number Q, because iteration number /
and random trial number 7" are fixed for this paper. It took
around 5 minutes (f < 300MHz, N = 3, Q = 384), 6 min-
utes (300 MHz< f < 400MHz, N = 4, Q = 384), 9 min-
utes (400 MHz< f <800MHz, N =5, Q = 384), and 15
minutes (800 MHz< f < 1GHz, N = 5, Q = 768) with
a personal computer (PC/AT compatible, CPU: Pentium 4-
2.8 GHz, memory: 2 GB).

3.3 Spatial Resolution for Two Sources

The spatial resolution of the presented method for two
sources was investigated next. Figure 7 shows the minimum
distance by which two sources can be visualized separately.
For this, the current ratios |J;| : |J,| were 1:1 and 1:0.25;
(x1,y1,21) was fixed at (Om, Om, 1.4m) and (x2, y2, z2) Was
changed to several different positions. The cell sizes were
0.1 m and 0.05 m. The results obtained by using the method
in Ref. [8] are also shown.

Figure 7 shows that the resolution from the presented
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@(|nh|:|J]|=1:1, Presented method, 0.1 m cell)
A (|1 ]: | ]a]=1:0.25, Presented method, 0.1 m cell)
@(In]:|R]|=1:1, Presented method, 0.05m cell)
OCh|:|R]l=1:1, Methodin [8])
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Fig.7  Spatial resolution for two sources.

method with a 0.1 m cell is 0.2 m, which is equal to twice the
cell size, at 200 MHz or more in the case of |J;] : |/>|= 1:1,
and at 400 MHz or more in the case of |Ji| : |J|= 1:0.25.
The resolution deteriorates as the frequency lowers, and the
separation did not occur at less than 100 MHz. This is be-
cause the longer the wavelength, the less the radiation pat-
tern varies. At low frequencies, the difference between the
distance of a direct wave and that of a reflected wave is small
compared with the wavelength. It is the same for the differ-
ence between multiple sources. In particular, the height pat-
tern has a small null point at 100 MHz or less, which affects
the source estimation accuracy. When the current ratio is un-
balanced, the bigger source dominates the radiation pattern
and the two sources tend to behave as one source.

Furthermore, when the cell size was 0.05 m, the resolu-
tion improved to 0.1 m at a frequency of 600 MHz or more.
However, eightfold cell numbers are required. The resolu-
tion did not improve to 0.1 m at under 600 MHz; which is
related to the lack of radiation pattern variation due to the
wavelength. As a typical value, the cell size is given as 0.1 m
in this paper. In fact, it can be decided on according to the
required resolution and the allowable calculation time. The
results from the method in Ref. [8] are equal to those from
the presented method with a 0.05 m cell.

On the other hand, the method in Ref.[10] could not
distinguish between two sources of |/;| : |/»|= 1:1, and
so it is not shown on the figure. This is caused by mis-
renumbering as described in 2.2, and reveals the advan-
tage of the presented method compared with the method in
Ref. [10].

3.4 Influence of Additional Random Noise on Cylindri-
cally Scanned Data

Here, the influence of additional random noise on
cylindrically-scanned data is discussed. The given model
is the same as shown in 3.2, and Fig.8 shows the devia-
tion between the visualized and original source positions, in
which ‘deviation’ means the average value for source no.1
and no.2. The horizontal axis indicates the maximum level
of added random noise. The results obtained by using the
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Fig.8 Influence of additional random noise on cylindrically scanned
data.

Table2 Deviation with a weighting of divided by Norm, Norm?, Norm®.
Frequency | Random Deviation(m)
(MHz) | noise(dB) | /Norm | [Norm* | /[Norm’

0 0 0 0

100 +2 0.2 0.12 0.12
+4 invisible | 0.38 0.38
0 0 0 0

800 +2 0 0 0

’ +4 invisible | 0.1 0.1

method in Ref. [8] are also shown.

It can be seen that the deviation increases by adding
random noise, and that it is particularly big at the case (+
3dB and + 4dB, 100 MHz, using the method in Ref. [8]).
The method in Ref.[8] is easily influenced by additional
noise due to the reason described in 2.2. From this point
of view, the presented method is superior to the method in
Ref. [8]. The deviation is small for 800 MHz; this is because
the variation of the radiation pattern is such that actual in-
formation quantity remains.

For this paper, weighting is done by “divided by
Norm?? In order to compare it with “divided by Norm”
or “divided by Norm?,” Table 2 shows the deviation using
each weighting. In the case of a random noise of 0 dB, the
deviation is O m for each weighting. As this is a relative
simple source model, only a few trials among 120 result in
a particularly small Norm. When “divided by Norm,” for
the case of + 2dB at 100 MHz, the deviation increases due
to insufficient weighting. Moreover, in the case of + 4 dB at
100 MHz or 800 MHz, source no.2 could not be visualized.
On the other hand, the results from “divided by Norm>” are
equal to those from “divided by Norm?,” and so both can be
determined. However, the value of “Norm®*” or “Norm>” is
sometimes too small to use for division. Therefore, all re-
sults are obtained from “divided by Norm?” for this paper.

3.5 Influence of Error on Measurement Distance

Next, the influence of the error on cylindrically-scanned po-
sition information is discussed. The given model is the same
as described in Sect. 3.2. Figure 9 shows the deviation be-
tween the visualized and original source position, in which
‘deviation’ means the average value for source no.l and



2066

<
oo

© 100MHz
A 800MHz

o
(=2}
T

Deviation (m)
o
o
ey
)
O

=)
[¥]

ST N

29 3 3.1 32
Measurement distance (m)

(=]
N
(o)

Fig.9 Influence of error on measurement distance.

no.2. The horizontal axis shows the distance between the
co-ordinate center and the cylindrically-scanned surface; the
distance used in the optimization process was 3 m.

It can be seen that the deviation is under 0.1 m with a
distance error of 0.1 m. With a distance error of 0.2 m at
800 MHz, sourte no.2 could not be visualized, so it is not
marked in the figure. This is caused by the fact that the
distance error of 0.2m is not negligible compared with the
wavelength at 800 MHz (= 0.375 m).

4. Experimental Verification

The effectiveness of the presented method was evaluated by
experimental verification in a semi-anechoic chamber. The
parameters are the same as given in Sect. 3.1.

4.1 Experimental System

The experimental system is shown in Fig. 10. The floor is
a metal ground plane. Radiated emission from an EUT was
measured using a BiConiL.og antenna located 3 m from the
turntable center, and its quasi-peak level was measured with
an EMI receiver. For the calculation, the measurement dis-
tance is given according to the phase center of the receiving
antenna at each frequency. In the horizontal electric field
calculation, E plane directivity of the receiving antenna is
used for the horizontal plane and non-directivity is used for
the vertical plane. For the vertical electric field calculation,
E plane directivity of the receiving antenna is used for the
vertical plane and non- directivity is used for the horizontal
plane. By rotating the turntable and scanning the measure-
ment antenna height, the measurement points are distributed
cylindrically. The complete measurement for both horizon-
tal and vertical polarization at one frequency took around 20
minutes.

4.2 Results with a Comb Generator

A comb generator was.used as an EUT; this consists of a
monopole antenna, a signal generator, and an internal bat-
tery. This was determined as Model 1, Model 2, and Model
3 as shown in Table 3. Figure 11 shows an overview of the
experiment.

As for the results, Fig. 12 shows the deviation between
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Fig.10  Experimental system.
Table 3  Given models for verification.
Frequency Current ratio Source position
x| s Wyl =zl (x1,41,21) m
Model 1 1:0:0 (0.4, -0.45,1.14)
Model 2 0:1:1 (0.4, -0.45, 1.22)
Model 3 0:1:1 (0.6, —0.65, 1.54)

Styrene form

Fig.11

Overview of experiment.

o
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—8— Model 3 (0.1 m cell)
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02 00 400 600 800 1000
Frequency (MHz)

Fig.12  Deviation between visualized and original source position for a
comb generator.

the visualized and original source position. Results for
Model 1 with a cell size of 0.05 m and 0.2 m are also shown.
Since it can be seen that the deviation is less than 0.1 m at
a frequency range of 100 MHz to 800 MHz for each model,
the basic applicability to one ideal source has been exper-

imentally verified. Particularly, the case of a 0.05m cell
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demonstrates good accuracy. The results using a 0.2 m cell
are almost the same as those with 0.1 m; this is caused by
the fact that the minimum distance between the cell center
and the given source position is almost equal. It is assumed
that the deviation mainly depends on the cell size, and some
error factors from the measurement.

The deviation is around 0.2 m at 900 MHz, one reason
for which is that the radiation level from the comb generator
falls and the S/N ratio decreases at high frequencies. It is
also necessary to study the data quantity (= number of mea-
surement points), calculation parameters (= source number
N, iteration number /, random trial number 7'), and the cell
size at high frequencies. For this paper, therefore, a range
of 100 MHz to 800 MHz is regarded as an ideal applicable
frequency range; it is planned to expand its applicability to
frequencies above 800 MHz in the future.

4.3 Results with‘ Two Spherical Dipole Antennas

The applicability to an EUT with two sources was verified.
As shown in Fig. 13, two electric signals with locked phase
are individually converted into optical signals by electrical-
to-optical (E/O) converters. Two spherical dipole antenmnas
(SDA) convert the optical signals into the radiated electro-
magnetic waves. An SDA is an antenna whose radiation
properties agree well with those of a small dipole current,
and the driving signal lines hardly affect the electric field
because optical fibers are used. The given model used was
the same as shown in Sect. 3.2.

As for the results, Fig. 14 shows the deviation between
the visualized and original source positions by using the pre-
sented method and the method in Ref. [8], in which the de-
viation means the average value for source no.1 and no.2. It
can be seen that the deviation seen by using the presented
method is less than 0.15 m in a frequency range of 100 MHz
to 800 MHz, and in particular, results in good accuracy at
above 200 MHz. It is generally superior to the deviation by
the method described in Ref. [8], although the discrepancy is
not significant because the error factor in this measurement

Spherical dipole
antenna (No.1)

XSG =
Signal generator

Fig.13  Overview and signal flow for two spherical dipole antennas.
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environment was relatively small. The result at 900 MHz
was not marked in the figure because source no.2 was invis-
ible; this problem does not occur when |J5| is comparable to
|[J1]. These were common factors for both methods. More
detail and the applicability to frequencies above 800 MHz,
as described in Sect. 4.2, need to be studied in the future.

4.4 Results with a Facsimile Unit as an Actual EUT

A facsimile unit was used as an actual EUT. Figure 15 shows
the overview of this experiment. The system consisted of a
facsimile main unit placed on a 0.8 m high nonmetallic ta-
ble, and a power cable. In order to pick up noticeable fre-
quencies, pre-measurement was performed with a spectrum
analyzer that records the peak-hold of the radiated emission. -
For the focused frequency, 240 MHz was chosen. When the
main unit was shielded using a conductive sheet, the radi-
ation level was reduced by around 20 dB. When the place-
ment of the power cable was changed or some ferrite cores
added, the radiation level changed negligibly. Therefore, it
could be supposed that the dominant source exists on the
main unit. :

The visualization result obtained by using the pre-
sented method is shown in Fig. 16, where three sources were
used as shown in Table 1. It can be seen that sources are vi- -
sualized on the rear part of the main unit, and this shows
that the source existence possibility around this part is high.

0.8

—e— Presented method
—o— Method in [8]

o
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Deviation (m)
(=)
NN
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[\
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0 . ==l
0 200 400 600 800 1000
Frequency (MHz)

Fig.14 Deviation between visualized and original source position for
two spherical dipole antennas.

Facsimile main unit

Fig.15  Overview of a facsimile as an actual EUT.
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Fig.16  Visualization result with a facsimile unit (240 MHz).

Fig.17  Overview of a PC system as an actual EUT.

This macroscopic visualization result agrees with the pre-
measurement result; therefore the presented method could
be applied to the facsimile as an actual EUT.

4.5 Results with a PC System as an Actual EUT

The facsimile described in Sect. 4.3 was a relatively simple
construction for use as an EUT system. For this section, a
PC system was used as a more complex EUT system. Fig-
ure 17 shows the overview of this. The system consisted
of a main unit, a display, a keyboard, a power cable for the
main unit, a power cable for the display and a signal cable
connecting the main unit to the display. These parts were
placed separately on a wide area so as to be distinguished
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Fig.18  Visualization result with a PC system (190 MHz).

easily. ) :
For the PC, pre-measurement was performed in the
same way as was described in Sect.4.3, and 190 MHz was
chosen as the focused frequency. Next, it was attempted to
identify which part dominates the radiated emission at a 3 m
distance. To achieve this, the radiated emission was mea-
sured while each unit or cable was individually turned on or
off, or disconnected. Furthermore, a conductive sheet was
used to shield each part. From the results, it was supposed
that the dominant source in the system exists on the signal
cable.

The visualization result obtained by using the pre-
sented method is shown in Fig. 18, for which three sources
were used according to Table 1. It can be seen that sources
are visualized near the center of the signal cable (length:
120 cm) connecting the main unit with the display. Its po-
sition corresponds to the phase center of a dipole antenna
when the cable is assumed to be a dipole antenna for trans-
mitting. Sources barely exist on the main unit, the dis-
play, or the keyboard. These findings agree with the pre-
measurement result; therefore the presented method could
be applied to the PC system as a complex EUT.

5. Conclusion

In order to mitigate the emission radiated from electrical
equipment efficiently, it is very important to establish a
source visualization method. In this paper, a new method
utilizing EMI facilities specified by CISPR, and which
needs only cylindrically-scanned amplitude data in the far
field, has been proposed.

This is based on an optimization process called the
Marquardt method, in which unknown source positions and
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current values are estimated. This is repeated with randomly
initialized values sufficient times so as to search globally,
and all estimated values are recorded. Additionally, the vi-
sualization space is three-dimensionally divided into rectan-
gular cells. Every estimated current value in the optimiza-
tion process, weighted by Norm?, is sorted into the cor-
responding cell in which the estimated source position is
located. In this case, Norm is the total deviation between
the estimated and measured electric field amplitudes, which
demonstrates the convergence degree and the possibility of
the estimated value. By displaying the sum current value
of every cell, the emission source is macroscopically visual-
ized.

Firstly, a visualization result by computer simulation
for two sources was shown. Secondly, the spatial reso-
lution was evaluated, resulting in a resolution of around
0.2m when the cell size was 0.1 m. Subsequently, from ex-
perimental verification using a comb generator in a semi-
anechoic chamber, the source was visualized with a devi-
ation of around 0.1 m at a frequency range of 100 MHz to
800MHz. When two spherical dipole antennas were used,
the deviation was less than 0.15 m. Finally, a facsimile unit
and a PC system were employed as actual EUTs. The visu-
alization results agreed with the source locations found by
another trial, and consequently the basic applicability of the
presented method has been demonstrated.

Problems from the viewpoint of future works are as fol-
lows;

o Applicability to incoherent sources and a need for
study on how to discriminate between coherent sources
and incoherent sources.

o Applicability to high frequencies above 800 MHz

o Influence of the characteristics of a receiving antenna
(directivity, size, etc.)

o Experimental verification for other EUTs, and under
various conditions.

o Applicability to sources distributed along a line or in
two dimensions.
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