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Abstract— The electromagnetic characterization of dielectric media is a major issue in many
industrial fields. Non-contact radiofrequency (RF) inductive techniques are well suited for the
non-invasive evaluation and monitoring of dielectric media. In this paper, we investigated the
relevance of a semi-analytical modeling technique, so-called distributed point source method
(DPSM) to model the interactions of a RF single loop antenna with a dielectric medium containing
a dielectric inclusion. The resistance of the antenna, which is related to the conductivity of the
investigated media, can be estimated using DPSM. A series of experiments were carried out to
validate the computed results. Furthermore, a simple system constituted of two RF single loop
antennas is considered to locate the position of an inclusion. The DPSM was used to study the
ability of such a system to locate the inclusion.

1. INTRODUCTION

The dielectric properties (electrical conductivity σ and dielectric permittivity ε) of organic media
are recognized as relevant indicators of their physical state. The estimation of these properties is
an interesting issue in many industrial fields, such as civil engineering, oil, food [1] or medicine [2].
Indeed, the dielectric spectroscopy techniques are widely used to characterize the state of the storage
or processing of the food product [3] and the dielectric properties in the field of RF or in the field
of microwave can be used as relevant indicators to detect and monitor the pathological evolution
for human health and well-being [4–7]. However, because of contact issues [8], these techniques
show limitations for in-vivo, for non-invasive or for wearable implementations. So the contactless
inductive techniques have been developed for the dielectric characterization of organic media [7, 8].
Since the state of organic media affects both dielectric parameters [9], it seems relevant to consider
RF techniques. To implement such a method, an RF antenna can be used as a transmit and receive
sensor. The antenna radiates a variable magnetic field which induces eddy currents (related to the
electrical conductivity) and displacement currents (related to the permittivity) of the medium. In
turn, the induced currents change the radiated magnetic field by magnetic coupling. These changes
may be sensed by reading out the RF antenna impedance changes. As a result, the analysis of
the sensor impedance enables to read out the dielectric property changes of the medium. In this
study, we aim at modeling the interactions between an RF antenna (a coil) and a dielectric medium
(e.g., a tissue) containing a dielectric object of different properties (e.g., a lesion in a tissue). We
investigate here the relevance of a semi analytical modeling, called the distributed point source
method (DPSM), to accurately and efficiently model the interactions at stakes. In Section 2 of
the paper, we present the studied configuration and the basic principle of the implementation of
the DPSM. In Section 3, computations results are presented and validated by the experiment.
In Section 4, a two coils configuration is studied so as to evaluate the possibility of localizing a
dielectric inclusion within a dielectric medium.

2. IMPLEMENTATION OF DPSM MODELING

2.1. Studied RF Sensor Configuration
A simple sensor configuration was considered to evaluate the DPSM modeling. It is constituted of
a single loop RF antenna interacting with a dielectric medium including a dielectric inclusion (see
Fig. 1(a)). An experimental set up was built so as to validate the developed model (Fig. 1(b)). It
is constituted of a PCB copper loop coil with a radius R = 2 cm, which acts as a RF antenna. This
antenna is placed above the surface of a tank full of a dielectric solution at a distance d1 in the air,
defined as medium 1, featured by σ1 and ε1. The loop is connected to a vector network analyzer
(HP 4195A). The tank is filled with 10 liters of sodium chloride solution (medium 2, σ2 and ε2).
A plastic ball with a radius r = 4 cm is used as an inclusion and filled with another solution
(medium 3, σ3 and ε3). It is immerged below the interface medium1/medium2 with a distance d2.
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Figure 1: (a) Studied configuration. (b) General experimental instruments.

Figure 2: DPSM geometry meshing in case of an inclusion.

From [11], we know that the impedance of such a loop antenna varies with the dielectric properties
of the medium with which it is electromagnetically coupled. More precisely, the real part of the
loop impedance is associated to the losses within the media (conductivity σ) and the imaginary
part of the impedance is linked to the permittivity ε. In our study, we focus on the sensing of the
conductivity changes. the quantity of interest is therefore the variations of the real part of the loop
impedance, ∆R:

∆R = Re(Zload − Z0) (1)

where Zload is the antenna impedance coupled with the medium and Z0 is the impedance in the
air. The Re represents the mathematical operation ‘real part’.

2.2. Basic Principles of the DPSM

The DPSM is a “mesh free” modeling technique, able to model 3D configurations with efficient
computational implementations [10]. It basically consists in the radiation of the distributed point
sources (DPS), which discretize the active radiation sources present in the workspace [10]. In our
study, the active sources of RF antenna are modeled by a series of DPS which radiate as Green’s
functions. In addition to these actives sources, virtual DPS called interface sources are used to take
account for the reflection/transmission effects between different media and boundary conditions.
With the sum of radiation of all DPS, the potential vector values within the whole workspace are
determined and other electromagnetic quantities can be derived from the potential vector. The
DPSM modeling of the configuration is shown in the Fig. 2. The loop antenna is modeled by a
series of Ns DPS, which are noted JS1 (and JS2 if a second loop coil is considered). The interface
1 is modeled by Na virtual DPS JA1 and JA2 and the interface 2 is modeled by Nb DPS denoted
JB2 and JB3. Then we assemble all the contributions of all the DPS (active and virtual) in the
workspace, according to:

C = M · J (2)

where M expresses the radiation of the DPS, J gathers the intensity of the DPS (known or unknown)
and C is the vector of boundary conditions, expressed in Eq. (3), where

⇀

A is the potential vector
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Figure 3: Relation between the conductivity σ2 in the inclusion and ∆R.

and the indication 1 and 2 represent medium 1 and 2, respectively.
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The intensity of all DPS in the workspace can be provided by the numerical inversion of matrix
M , and then the magnetic field in the whole workspace can be obtained from the radiation of all
the DPS. Finally, the impedance of the loop sensor is given by Eq. (4) in which Φ is the magnetic
flux through the loop antenna, ω is the pulsation.

Z =
dΦ
dt

= jωΦ (4)

3. MODELING IMPLEMENTATION AND EXPERIMENTAL VALIDATION

In the simulation with only one coil JS1, the observation points number is Np = 10000. The
excitation DPS number Ns = 100 while the interface DPS number Na = Nb = 2000. We successively
set the conductivity σn the inclusion to σ2 = 0.003 S/m (pure water), 1 S/m, 4.5 S/m and 8 S/m
while the conductivity σ1 is maintained at 4.5 S/m. The distance d1 and d2 are set at d1 = 2 mm
and d2 = 4.1 cm respectively. Using the DPSM implemented at 11, 17 and 29 MHz, and using
Eq. (4) and Eq. (1), we can get the relation between ∆R and σ2 shown in Fig. 3.

The obtained computed results are compared to the experimental results obtained in the same
configurations. One can note that ∆R is proportional to the changes of conductivity σ2 in the
inclusion for all the frequencies. In addition, there is a good agreement between experiments and
computed results, once a multiplicative correction factor of 1.5 has been added to the experimental
data. This may be attributed to the fact that the tank used in the experiments is not large enough to
fit with the semi-infinite workspace that is assumed in the model. Nevertheless, it can be concluded
that DPSM is able to model the electromagnetic coupling between the RF antenna and a dielectric
medium including a dielectric inclusion.

4. MODELING TWO-COIL CONFIGURATION FOR THE LOCALIZATION OF
DIELECTRIC INCLUSION

A simple two RF loop antennas system is considered in this section to locate the dielectric inclusion.
We consider a second loop coil JS2 placed next to JS1 (Fig. 1). The observation points number is
now Np = 20000. The excitation DPS number is Ns = 100 while the interface DPS number are
Na = Nb = 500 in the computations. We set d1 = 2 mm and d0 = 2 mm. The radius of the loops
are R = 5mm. The radius of the inclusion is r = 3mm and the distance between the center of
the inclusion and the interface 1 is d2 = 4 mm. The proportion of the amplitudes between the two
loops C2 = I2/I1 is ranging from 0.01 to 10, inducing a variation of the induced magnetic field
distribution in the area of the inclusion, enabling to “scan” the vicinity of the two-coil system.
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With the help of the simulation, we calculate the relative differential resistance of the two coils
defined in Eq. (5) where R1 and R2 are the resistance of coil 1 and 2.

∆Rrelative = (R2 −R1)/R1 (5)

Changing C2 induces changes of the ∆Rrelative which exhibits a minimum value, denoted ∆Rrmin,
which also depends on the position d3 of the inclusion, as presented in Fig. 4. So we can establish
a relation between ∆Rrmin and C2 for different values of d3. Moreover, we can establish a relation
between the position of the inclusion d3 and the proportion C2 (Fig. 4(a)). As a result, the position
of the inclusion may be detected by changing the values of C2 and reading out the values taken by
the differential impedance.

In this simple case, the horizontal position of the inclusion between the two antennas is deter-
minated. If we add the other coil antennas in the other direction to compose an array of antennas,
we may find a way to locate the position of the inclusion in a two dimensional workspace.

(a) (b)

Figure 4: (a) Relation between ∆Rrelative and C2. (b) Relation between the inclusion position d3 and C2.

5. CONCLUSION

In this study we have established that DPSM appear to be suitable for the modeling of the elec-
tromagnetic coupling between RF loop antennas and a dielectric medium including a dielectric
inclusion. In addition, a system constituted of two coil antennas was studied using DPSM to
localize the inclusion in a one-dimensional research space. Further works will focus on the model-
ing and design of antenna arrays suitable for the localization of inclusions in a three dimensional
workspace. Furthermore, the modeling of more complex antennas such as multi-turn transmission
line resonators [9] will be considered for the design of high sensitivity single or multi-antenna sensing
devices.
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