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ABSTRACT: In this paper, a reconstruction methodology for the field emitted by an electronic equipment in a CISPR 25 standard envi-
ronment is developed. It is based on an inverse method to determine equivalent dipoles representative of the electromagnetic sources.
Positions and dipolar moments of equivalent dipoles are obtained via a hybrid optimization method, using a Genetic Algorithm (GA)
followed by a Pattern Search (PS) method. First, the validity of the approach is verified with a numerical 3D model of a microstrip line.
Then, an experimental protocol, corresponding to the setup of the CISPR 25 standard, is proposed and validated with a monopole antenna
as a radiating source. As expected, the measurements obtained with the rod antenna yield some numerical errors related to the equivalent
dipoles. However, such a compact model predicts the radiated field with sufficient accuracy to be useful for analyzing several EMC
constraints in an automotive context.

1. INTRODUCTION

In recent years, one major transition in the automotive in-
dustry is the development of new technologies to reduce the

consumption of fossil fuels and to attain low-emission mobil-
ity. One solution is the electrification of vehicles by integrating
batteries, electric powertrains, power conversion systems, etc.
However, with this increase of embedded electronic devices in
such a limited place, the risk of electromagnetic interference
(EMI) rises [1–4]. These interferences may affect sensitive de-
vices, for example the on-board receiver on vehicle radio per-
formance [5]. Thus, the radiated field of embedded electronic
devices must be identified, and in some cases, its far field must
be predicted. Finding simple and compact models able to pre-
dict EMI at low cost is therefore of major importance in indus-
try.
Furthermore, in an automotive context, the emission of such

devices should comply with automotive emission standards
such as CISPR 25 for a large frequency range from 150 kHz to
6GHz [6]. With the CISPR 25 test setup, the radiated field from
an equipment is generally measured with a rod antenna and a bi-
conical antenna, below and above 30MHz, respectively. This
standard ensures that the radio-frequency emissions from the
equipment remain under prescribed limits. Such measurement
protocol is time consuming in automotive industry but is never
used to get any insight about the EMC behavior of the device
under test. In [7, 8], the authors characterized radiated emis-
sions in some specific configurations. In [7], a near-field scan-
ning and the use of Huygens box method is used to identify the
major radiating parts of a device under test or harness. In [8],
a one tenth scale model approach is performed to observe the

* Corresponding author: Lionel Pichon (Lionel.Pichon@supelec.fr).

behavior of emissions from a simple transmission line source
placed first on a test bench and later in a vehicle. The work fo-
cused on how the behaviour of a single wire transmission line
behaves in a range of scenarios in terms of the energy propa-
gation on the line and radiation from the line. Such approaches
rely on 3D simulation tools which provide an accurate descrip-
tion of the structures but are very time consuming. However,
the interest of a standard CISPR 25 setup to characterize a de-
vice under test (DUT) using equivalent dipoles has never been
investigated. The interest of using such simple representative
equivalent sources is twofold. First, no accurate knowledge
about the devices under test is required. Second, these dipoles
can be easily incorporated further in a 3D software to simulate
the behaviour of the device in its real environment.
Both real source identification and far-field prediction are

well-known problems in the electromagnetic compatibility
(EMC) community. Different approaches can be found in the
literature to find simplified and appropriate behavioral models
of real embedded equipment.
Source identification consists in finding, with an inverse

method, equivalent sources that radiate the same electromag-
netic field as the measured one. In [9], both electric and mag-
netic dipoles, as equivalent sources, are determined by a genetic
algorithm (GA) based optimization. In the literature, source
identification is mainly achieved by magnetic near-field scan-
ning measurements above PCBs (Print Circuits Boards) [10–
14]. However, cartographies obtained by scanning measure-
ments are sometimes composed of several hundreds of mea-
surement points that greatly increase the calculation time of the
inverse method. In [15], it was shown that a limited number
of points with independent positions is sufficient to accurately
predict the model source. For the case of one or two electric
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dipoles, ten measurement points are enough. However, to pre-
dict more complex sources accurately, a much higher number
of points is needed since the inverse model is not linear to the
variables. Equivalent dipoles can also represent apertures of
an enclosure [16], antennas [17], integrated circuits [18, 19], or
power electronic devices [20]. More recently, source identifi-
cation was also applied in the time domain. In [21, 22], it was
shown, for a transient signal having a wide frequency range,
that a time domain analysis based on the time reversal method
can overcome frequency domain limitations.
For far-field prediction, another method than using equiva-

lent dipoles is based on Huygens surface [23]. In [24], an un-
closed Huygens surface is proposed for predicting emissions
below 30MHz in a CISPR 25 test setup. The electric field
distribution on the defined Huygens surface and the equivalent
currents are estimated from a small number of near electric field
measurements. The difference of the final predicted electric
field at a 1m distance (corresponding to the location of the rod
antenna in the CISPR 25 test setup) is within 4 dB compared
with a full-wave simulation. For frequencies above 30MHz, a
method based on a current scan and a multiple-dipole radiation
model is proposed in [25].
This paper investigates the ability to reconstruct an equiv-

alent radiation model directly from antenna measurements ob-
tained with a CISPR 25 test setup. It describes a general model-
ing approach relying on antenna measurements in order to build
a simplified but representative EMC model of a tested equip-
ment. The reconstruction methodology is then developed to
determine a set of equivalent dipoles of real electromagnetic
sources. In Section 2.1, the expressions of the fields radiated
by elemental electric and magnetic dipoles are presented. The
methodology to obtain equivalent dipoles is then described in
Section 2.2. The latter is validated in Section 3.1 with a 3D
numerical simulation in the case of a microstrip line. An ex-
perimental protocol based on the CISPR 25 setup is proposed
in Section 3.2 and allows to assess the potential of the source
reconstruction approach. Finally, some conclusions and per-
spectives are drawn in Section 4.

2. DIPOLE MODEL

2.1. Electromagnetic Fields Radiated by Elemental Dipoles
The expressions of fields radiated by both electric andmagnetic
elemental dipoles are well known and given by [26]. For an
elemental electric dipole (E-dipole), centered at the origin and

(a) (b)

FIGURE 1. Configuration of elemental electric (a) and magnetic (b)
dipole for using (1) and (2).

traversed by an electric current I0z⃗ (Figure 1(a)), the fields are:

Hr = Hθ = Eϕ = 0

Hϕ = j
kI0l sin θ

4πr

[
1 +

1

jkr

]
e−jkr

Er = η
I0l cos θ
2πr2

[
1 +

1

jkr

]
e−jkr

Eθ = jη
kI0l sin θ

4πr

[
1 +

1

jkr
− 1

(kr)
2

]
e−jkr

(1)

with (r, θ, ϕ) being the spherical coordinates, k the wave num-
ber, η the free space impedance, and l the electric dipole length.
The magnitude of the electric dipolar moment is expressed as
Melec = I0l.
For an elemental magnetic dipole (H-dipole), centered at the

origin and traversed by an electric current I0Φ⃗ (Figure 1(b)), the
fields are:
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with a being the radius of the magnetic dipole. The magni-
tude of the magnetic dipolar moment is expressed as Mmag =
I0πa

2.
The configuration of the electric and magnetic dipoles,

where (1) and (2) can be used, is described in Figure 1. Thus,
to facilitate the optimization procedure and easily implement
some geometrical transformations, for any dipole, a coordinate
transformation in cartesian frame is needed. The electric and
magnetic fields (X stands for E or H) are then calculated
with (3) for any position of the dipole, drawn in Figure 2, with
a dipolar momentM = (Mx,My,Mz).

X (r, θ, ϕ) = ArsRot′ϕRot′θAsrX(R, θrot, ϕrot) (3)

Ars =

 sin(θ) cos(ϕ) sin(θ) sin(ϕ) cos(θ)
cos(θ) cos(ϕ) cos(θ) sin(ϕ) − sin(θ)
− sin(ϕ) cos(ϕ) 0

 (4)

Asr =sin (θrot) cos (ϕrot) cos (θrot) cos (ϕrot) − sin (ϕrot)

sin (θrot) sin (ϕrot) cos (θrot) sin (ϕrot) cos(ϕrot)

cos(θrot) − sin(θrot) 0

(5)

Rotϕ =

 cos(ϕr) sin(ϕr) 0

− sin(ϕr) cos(ϕr) 0

0 0 1

 (6)
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(a) (b)

FIGURE 2. Configuration of elemental dipole for using (3) (a) and rotation angles for coordinate transformation (b).

Rotθ =

 cos(θr) 0 − sin(θr)
0 1 0

sin(θr) 0 cos(θr)

 (7)

θr =
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)
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atan
(√

M2
x +M2

y /Mz

)
if Mz > 0

(8)

ϕr =


0 if Mx = 0&My = 0

π/2 if Mx = 0&My > 0

−π/2 if Mx = 0&My < 0

atan2 (My,Mx) if Mx ̸= 0

(9)

with X(R, θrot, ϕrot) being the field calculated with (1) or (2)
by using spherical coordinates (R, θrot, ϕrot) and the dipolar
moment |M| (Figure 2),Ars andAsr the transformation matrix
for rectangular-to-spherical and spherical-to-rectangular com-
ponents, respectively, and Rotϕ and Rotθ the rotation matrix
regarding ϕr and θr, respectively.
For a measurement point P = (xp, yp, zp) and a dipole in

position (x0, y0, z0), the distance R is defined as:
xp = r sin(θ) cos(ϕ)
yp = r sin(θ) sin(ϕ)
zp = r cos(θ)

(10)

 xrot

yrot

zrot

 = RotθRotϕ

 xp − x0

yp − y0

zp − z0

 (11)

R =
√
x2
rot + y2rot + z2rot (12)

θrot and ϕrot are defined as θr and ϕr, respectively, but with
conditions on (xrot, yrot, zrot) instead of (Mx,My,Mz).
In CISPR 25, the Device Under Test (DUT) is above an ele-

vated ground plane. Ground plane can be easily integrated into
the model by using image theory [9, 13, 26]. The electromag-
netic field emitted by a dipole above a ground plane at height
h can be represented by two dipoles: the actual one and a ficti-
tious one, the image of the actual one with respect to the ground
plane (Figure 3).

FIGURE 3. Images of electric and magnetic dipoles.

2.2. Description of the Methodology
The method considers that a source of radiation can be accu-
rately substituted by a set of N equivalent dipoles. Therefore,
the proposed methodology consists in measuring the magni-
tude of electric or magnetic field over a circle of radius r in
three planes (XY,XZ, Y Z) around the radiating structure, as
indicated in Figure 4. Compared to the cartography approach
observed in the literature, the proposed method uses a limited
number of measurement points, reducing the computation time.
Also, relying only on the magnitude of the field (without the
phase consideration) was already proved to be an efficient re-
construction approach for the frequency range under study [10–
12].

FIGURE 4. The three planes where the field is measured.

The positions (x0,i, y0,i, z0,i) and dipolar moments (Mx,i,
My,i, Mz,i) of the N equivalent dipoles are determined with
an inverse method by using an optimization process based on
a genetic algorithm (GA) followed by a pattern search (PS)
method [11]. The first algorithm (genetic algorithm) is used
for a global minimum search while the second (pattern search)

73 www.jpier.org



Clérico et al.

algorithm is used for a local search. Outputs of GA are in-
puts of PS. It was observed that such a hybrid optimization
is better than only GA in terms of accuracy and computation
time. This hybrid approach was proved to be suitable for vari-
ous and complex field distributions in previous works. Equiv-
alent sets of dipoles were deduced from the knowledge of the
field distribution in the case of perforated walls [27], apertures
in shielded enclosures [16], and emissions from power printed
circuit boards [11]. The optimization function (OF ) is defined
as:

OF =

√∑
i=XY,XZ,Y Z

∑
Nm

(Emeas,i − Emod,i)
2

3×Nm
(13)

with Emeas and Emod being the measured and predicted elec-
tric fields from theN equivalent dipoles, respectively, andNm

the number of measurement points on one plane. In this paper,
the study is only focused on the electric field norm, but the pro-
posed method can also be used with electric field components
and magnetic fields.

FIGURE 5. Flowchart of the proposed method.

The steps of the methodology are described in Figure 5. For
each dipole, there are 7 parameters to determine: position (x0,i,
y0,i, z0,i), dipolar moments (Mx,i, My,i, Mz,i), and type δi,
either electric (δ = 1) or magnetic dipole (δ = 0). Thus,
the proposed algorithm firstly calculates the OF for an array
of electric dipoles. If the prescribed error α is not reached,
the dipole changes automatically to a magnetic one. For ex-
ample, for two equivalent dipoles, the algorithm calculates the
OF for two electric dipoles, then for one electric and one mag-
netic dipole, and finally for two magnetic dipoles. If after each
case, the error is still not attained, it is advised to increase the
number of equivalent dipoles. The algorithm can be obviously

adapted to calculate the OF for a specific array of dipoles by
putting a high error.

3. RESULTS AND VALIDATION

3.1. Numerical Validation
At first, the proposed model is validated with a numerical mod-
elling of a simple radiating source. Amicrostrip line is modeled
using COMSOL Multiphysics with the radio frequency (RF)
module. The dimensions of the microstrip line are presented in
Figure 6.

FIGURE 6. Dimensions of the microstrip line constituted of two arms
and one loop.

The studied microstrip line is constituted of two arms with
a length of 50mm and a loop with a diameter of 25mm. The
distance between the two arms is 10mm. The width of the con-
ducting line is 1mm. The microstrip line is excited at the end of
the arms by a lumped port of 1V. The computation is performed
at 30MHz. The electric field norm is measured around the mi-
crostrip line over a circle of radius r defined in the three planes
(XY,XZ, Y Z), as shown in Figure 4. For the inverse method,
only 10 equidistant points on each circle are considered. Then,
in this case, a total of 30 points are used to determine the equiva-
lent dipoles. The equivalent dipoles are calculated at three mea-
surement distances: r1 = 15 cm, r2 = 25 cm, and r3 = 50 cm.
As the microstrip line is a plane (no thickness), the positions z0
of the dipoles are considered equal to 0. The parameters of the
obtained dipoles are summarized in Table 1. The electric field
radiated by the microstrip line is accurately reproduced by two
equivalent dipoles, one electric and one magnetic, for the three
studied distances. The electric fields of both microstrip line and
equivalent dipoles are plotted in Figure 7 and Figure 8 respec-
tively for the distances r1 and r3.
The E-H equivalent dipoles determined at the three dis-

tances are pretty similar in terms of positions and dipolar mo-
ments. Only a slight increase of the position x0 is observed
for both E and H dipoles. Both dipoles are between the two
arms and close to the x-axis (y0 ≈ 0). The electric dipole and
magnetic dipole are mainly oriented following the y-axis and
z-axis, respectively. At distance r1, three equivalent dipoles
(E-E-H) have slightly better accuracy than the E-H equiva-
lent dipoles by obtaining a smaller value of OF . It indicates
that closer to the microstrip line, the electric field is more com-
plex, and more dipoles are needed to accurately describe it. It
can also be noted that the electric field at r3 is reproduced rela-
tively correctly with anH dipole only, as illustrated in Figure 8.
It indicates that at this distance and farther, especially in the far
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(a)

(b)

FIGURE 7. Positions of the E-E-H and E-H equivalent dipoles determined at r1 (a), and electric field norm (V/m) over each plane radiated by
the microstrip line (dark solid line), the E-H dipoles (red dashed line), and the E-E-H dipoles (blue dash-dotted line) (b). The dots indicate the
measurement points considered in the inverse method.

TABLE 1. Parameters of the equivalent dipoles calculated at different distances.

Distance OF V/m Type of
dipole

x0, y0, z0

(mm)
Mx

(A·m or A·m2)
My

(A·m or A·m2)
Mz

(A·m or A·m2)

r1 = 15 cm
6.5e-4

E −7.2, 0.02, 0 −4.5e-8 3.8e-7 −3.1e-8
E −46.2, −3.5, 0 2.9e-8 3.1e-7 1.7e-8
H −7.1, 0.7, 0 −3.8e-7 6.3e-7 3.9e-5

8.8e-4
E −27.3, 0.5, 0 −1.5e-8 7.0e-7 −6.4e-9
H −7.9, 0.6, 0 −2.8e-7 1.0e-7 3.9e-5

r2 = 25 cm 1.1e-4 E −26.1, 0.7, 0 −1.0e-8 7.0e-7 1.2e-8
H −7.0, 0.5, 0 −2.3e-7 −4.3e-8 3.9e-5

r3 = 50 cm
7.1e-6 E −25.0, 0.03, 0 −7.0e-9 6.9e-7 3.5e-8

H −6.8, 0.08, 0 −2.3e-7 −1.6e-7 3.9e-5
1.1e-4 H only −31, −1.6, 0 −1.2e-6 −6.5e-7 3.9e-5
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(a)

(b)

FIGURE 8. Positions of the E-H equivalent dipoles and H only dipole determined at r3 (a), and electric field norm (V/m) over each plane radiated
by the microstrip line (dark solid line), the E-H dipoles (red dashed line), and the H only dipole (blue dash-dotted line) (b). The dots indicate the
measurement points considered in the inverse method.

field, the microstrip line can be assimilated to a single magnetic
dipole.
Hence, even similar, the parameters of the obtained equiva-

lent dipoles depend on the distance ri at which they are evalu-
ated, especially the number of equivalent dipoles. To estimate
the accuracy of the electric field radiated by theE-E-H andE-
H equivalent dipoles at other distances r, the median relative
error is plotted in Figure 9. Globally, for distance r ≥ 25 cm,
the errors are under 3%. The lowest errors are obtained with
the E-H dipoles determined at r3 for distance r ≥ 35 cm. The
errors are higher for r = 10 cm, closer to the microstrip line,
where the electric field is more complex. The lowest errors
obtained at this distance are obtained with the E-E-H equiv-
alent dipoles determined at r1. Finally, a set of dipoles evalu-
ated close to the radiating source is more suitable to estimate
the field at other distances than a set of dipoles evaluated far-

ther. Indeed, the E-H equivalent dipoles evaluated at r3 show
higher errors in the XZ plane (with minimal error at r = r3)
and greatly increase by reducing the distance r. To illustrate
this point, the electric fields in the XZ plane radiated by the
E-E-H equivalent dipoles evaluated at r1 and the E-H equiv-
alent dipoles evaluated at r3 are plotted at 10 cm and 70 cm in
Figure 10.

3.2. Experimental Protocol
To verify the validity of the proposed method, an experimen-
tal protocol is presented with a 30 cm monopole antenna as an
emitting source. The setup, compliant with the CISPR 25 stan-
dard, places the DUT on an elevated ground. The electric field
is measuredwith a 1m rod antenna, and its counterpoise is often
placed at the same height as the elevated ground. However, this
configuration can lack reproducibility, introduce resonances,
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FIGURE 9. Median relative error between the electric field radiated by the microstrip line and the equivalent dipoles at different distance r for the
E-E-H dipoles determined at r1, the E-H dipoles determined at r1 and r3.

(a) (b)

FIGURE 10. Electric field norm (V/m) in the XZ plane at r = 10 cm (a) and r = 70 cm (b) radiated by the microstrip line (dark solid line), the
E-E-H equivalent dipoles evaluated at r1 = 15 cm (red dashed line), and the E-H equivalent dipoles evaluated at r3 = 50 cm (blue dash-dotted
line).

and the electric field radiated by the source can be perturbed
by the measuring system [28, 29]. Moreover, the electric field
is diffracted by the edge of the elevated ground, due to its finite
dimension. As previously mentioned, the ground can be intro-
duced into the model thanks to the image theory; however, in
this case, the ground is considered infinite. Thus, the diffraction
effect can be difficult to consider, even if it seems possible to
represent it by elemental dipoles [13, 30]. For all these reasons,
both the emitting monopole antenna and receiving rod antenna
are placed on the ground floor of a semi-anechoic chamber, as
illustrated in Figure 11. The two antennas are placed at a one-
meter distance. The monopole antenna is elevated by 15 cm
with polystyrene blocks to get measurements above the noise
level.
Measuring the electric field on the three planes is experimen-

tally not feasible with the rod antenna. Instead, the measure-
ment is performed with different orientations of the monopole
antenna. For each orientation, the electric field is measured at

five angles: −70◦, −35◦, 0◦, 35◦, and 70◦. To obtain the 10
points needed for the inverse method, the measurements are
considered symmetric for the orientation XY (Figure 11(a))
andXZ (Figure 11(b)). For the orientation Y Z (Figure 11(c)),
two series of measurements are performed: one with the an-
tenna facing the rod antenna (Y Z front) and one with the an-
tenna at the opposite (Y Z rear). The electric field measure-
ments at 100 kHz and 1MHz for the four different orientations
are presented in Figure 12 and Figure 13, respectively. The
inverse method is used to determine the equivalent dipoles of
the monopole antenna. As expected, the monopole antenna be-
haves similarly to a unique electric dipole. However, the field
radiated by thisE dipole does not perfectly describe the field of
the monopole antenna. Increasing the number of dipoles does
not rid this difference. However, a better solution is obtained
by reducing the height zd of the antenna base considered in the
model from 15 cm to 7 cm. The same observations were also
done at other frequencies.
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(a)

(b) (c)

FIGURE 11. Experimental setup with different orientations of the monopole antenna: XY (a),XZ (b), and Y Z (c).

FIGURE 12. Electric field norm (V/m) for the four orientations of the monopole antenna measured at 100 kHz by the rod antenna (dark dot), and
radiated by the equivalent electric dipole for zd = 15 cm (red dashed line) and zd = 7 cm (blue dotted line).

A major assumption could explain the fact that a better solu-
tion is obtained by not perfectly considering the experimental
setup in the model. This assumption considers the rod antenna

measurements as point measurements. Indeed, the antenna out-
put voltage, and then the measured electric field based on it is
not directly related to the electric field at a specific point in
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FIGURE 13. Electric field norm (V/m) for the four orientations of the monopole antenna measured at 1MHz by the rod antenna (dark dot), and
radiated by the equivalent electric dipole for zd = 15 cm (red dashed line) and zd = 7 cm (blue dotted line).

(a) (b)

FIGURE 14. Geometry of the numerical model for the orientation XZ (a), and electric field norm (V/m) along the z-axis at the different angles at
1MHz.

space, but it is rather proportional to its average along the an-
tenna length [25]. Moreover, the rod antenna is immersed in a
highly nonuniform electric field [28, 29]. To evaluate the im-
pact of this assumption, a numerical model of the monopole
antenna is developed. Only the emitting antenna rod is con-
sidered. The experimental geometry is respected, and the an-
tenna base is placed 15 cm above a perfect electronic conduc-
tor ground (the antenna is 21 cm above). A lumped port of 1V

feeds the antenna. Moreover, like experimentally, the electric
field is measured at 1MHz for the four orientations of the an-
tenna at a distance of 1m at five angles, with point measure-
ments distributed along the z-axis. The case of the orientation
XZ is presented in Figure 14. The electric field along the z-
axis slightly increases and then shows an important decrease,
especially at the angle of 70◦. The same behavior is observed
at the other orientations. Thus, a higher heterogeneity is ob-
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(a) (b)

FIGURE 15. Electric field norm (V/m) at 1MHz for the four orientations radiated by the antenna (dark dot) and its equivalent electric dipole (red
dashed line) obtained with single point (a) and averaged values (b).
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TABLE 2. Parameters of the equivalent dipoles calculated with single point and averaged electric field.

Type of value Dipole
x0, y0, z0

(mm)
Mx

(10−6 A·m)
My

(10−6 A·m)
Mz

(10−6 A·m)
Single point E −3.3, −1.9, 280 1.2e-2 8.7e-3 1.42
Average (1m) E 11.2, 4.1, 231 −2.6e-2 5.4e-3 1.27
Average (20m) E −2.5, −2.7, 279 4.7e-3 1.1e-2 1.45

served when the antenna faces the measuring point. Now, the
average values of the electric field norm along the z-axis over
1m are considered in the methodology and compared to the sin-
gle point values (plotted in Fig. 14).
The parameters of the equivalent electric dipole for both

cases are summarized in Table 2. The norm of the electric
field radiated by the antenna and the electric dipole is plot-
ted in Figure 15 for the four orientations. Using the average
electric field slightly increases the value in the orientationXY ,
from 2.46mV to 2.57mV. The smallest values in the other ori-
entations also slightly increase, for example from 0.34mV to
0.56mV for the angle 0◦ in the orientation XZ. All other val-
ues decrease, and the greatest decrease is observed for the angle
0◦ in the orientation Y Z front, from 5mV to 3.5mV. Thus, the
equivalent electric dipole obtained by using the average value
is not the same as the one obtained from a single-point value. It
is slightly decentered along the x-axis, and its position z0 and
dipolar moment Mz are smaller. It was observed experimen-
tally that reducing the height zd of the antenna base considered
in the model allows obtaining a more centered electric dipole.
It is also the case here; a better-centered dipole is obtained with
zd = 13.2 cm instead of 15 cm. The experimental difference
(zd = 7 cm instead of 15 cm) is higher than the numerical one,
especially due to additional error sources brought upon by ex-
perimental conditions. Moreover, it can be noted that using the
averaged values over 20 cm, while the electric field is still not
too heterogeneous, allows obtaining an electric dipole close to
the ones obtained from single-point values (Table 2).

4. CONCLUSION

This paper has presented a source identification approach from
antenna measurements to determine equivalent dipoles repre-
sentative for an emitting electromagnetic equipment. The inter-
est of the approach is to rely on a small number of antenna mea-
surements. The approach is based on an inverse method using
the magnitude of electric or magnetic field radiated by both ele-
mental electric and magnetic dipoles. The electric field is mea-
sured along a circle in three orthogonal planes. A hybrid opti-
mization method (GA + PS) is used to determine the parame-
ters of the equivalent dipoles. The technique is first validated
with a 3D full-wave simulation of amicrostrip line. The electric
field radiated in this case is accurately represented by only one
electric and one magnetic dipole. However, closer to the mi-
crostrip line, three equivalent dipoles (E-E-H) are needed, and
farther away, only a magnetic dipole can be enough. The equiv-

alent dipoles determined close to themicrostrip line (15 cm) can
accurately predict the electric field radiated at other distances.
Then, an experimental protocol involving the test setup of

the CISPR 25 standard is proposed by using a monopole an-
tenna as the equipment under test. As expected, the behavior
of this monopole antenna is similar to that of an electric dipole.
However, using a 1m rod antenna as the measurement sensor
induces difficulties to recover the equivalent model with accu-
racy. Indeed, the rod antenna cannot be considered as a single-
point measurement particularly due to the heterogeneity of the
field along its length. This point has been verified with a 3D
numerical simulation. The resulting compact model provides
the radiated electric field with sufficient accuracy for several
EMC analyses in the automotive industry. It allows to obtain
the order of magnitude of the radiated electric field without the
need to use near-field sensors (like electro-optical probes). In
a challenging industrial context, a fast and low-cost approach
can be decisive during the design stages. The provided com-
pact and simple model of an equipment under test from stan-
dard measurements can be of crucial interest. The next step
consists in evaluating how increasing the number of antenna
measurements and/or taking some averaged values of the fields
may reduce the errors on the results.
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